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ABSTRACT
S tu d ie s  on i n h e r i t a n c e  o f  r e s i s t a n c e  to  r a c e  6  o f  r i c e  b l a s t  
( P i r i c u l a r i a  o ry zae  Cav.) were i n v e s t i g a t e d .  M a te r i a l  from th e  
c ro s s  in v o lv in g  p a r e n t  s t r a i n s  1709 and Cl 9418 was t e s t e d  f o r  
r e a c t i o n  to  r a c e  6 in  Fj_, F2  and Fg g e n e r a t i o n s .  S e le c te d  F^ 
l i n e s  o f  known r e a c t i o n  to  r a c e  6  were  a l s o  t e s t e d  w i th  r a c e s  8  
and 16.
B e fo re  t e s t i n g  th e  h y b r id  m a t e r i a l ,  p r e l im in a r y  t e s t s  were 
conducted  on 16 v a r i e t i e s  and s t r a i n s  o f  known r e a c t i o n  to  r a c e s  1  
and 6 . The te c h n iq u e s  o f  i n o c u la t io n  o f  r i c e  s e e d l in g s  and e v a lu a ­
t i o n  o f  i n f e c t i o n  f o r  s i x  l e s i o n  types  were s t a n d a r d i z e d .  A l l  t e s t s  
were c a r r i e d  o u t  in  th e  g reen  house , under h ig h  h u m id ity  chambers
d u r in g  th e  s p r in g  and f a l l  o f  1962.
The p r e l im in a r y  t e s t s  showed re a s o n a b ly  good agreem ent w i th  
th o se  r e p o r t e d  by p re v io u s  w o rk e rs ,  i n d i c a t i n g  t h a t  th e  te c h n iq u e s  
used  in  th e  p r e s e n t  s tu d y  were r e l i a b l e .
The s t r a i n  1709 was found to  be  r e s i s t a n t  to  r a c e s  6 , 8  and 16 
b u t  s u s c e p t i b l e  to  r a c e  1 , w h i le  Cl 9418 was found to  be s u s c e p t i b l e  
to  a l l  f o u r  r a c e s .
The r e a c t i o n  o f  th e  fo u r  F-  ^ p l a n t s  to  r a c e  6  was s i m i l a r  to  th e
r e s i s t a n t  p a r e n t ,  i n d i c a t i n g  t h a t  r e s i s t a n c e  i s  dom inant to  su sc e p ­
t i b i l i t y  i n  t h i s  c r o s s .  The b e ^ i o r  o f  6 6  F 2  p l a n t s  showed a  good
v i
f i t  to  r a t i o s  o f  3 r e s i s t a n t : l s u s c e p t i b l e  and 9 r e s i s t a n t : 7 su s ­
c e p t i b l e .  However, th e  f i t  was c l o s e r  to  th e  3 :1  r a t i o ,  s u g g e s t in g  
t h a t  th e  p a r e n t s  1709 and Cl 9418 d i f f e r e d  by on ly  one p a i r  o f  
g e n es .  S e g re g a t io n  o f  135 Fg f a m i l i e s  i n t o  a r a t i o  o f  1 homozygous 
r e s i s t a n t : 2  s e g r e g a t i n g : 1  homozygous s u s c e p t i b l e  confirm ed  th e  
a ssum ption  t h a t  r e s i s t a n c e  to  r a c e  6  i s  c o n d i t io n e d  by a  s i n g l e  
dom inant gene in  s t r a i n  1709. This  gene has b een  p r o v i s i o n a l l y  
d e s ig n a te d  as " P i^ " .
P re s e n c e  o f  one o r  more m o d i f ie r  genes a p p a r e n t ly  cau sed  th e  
o c c u r re n c e  o f  a few s u s c e p t i b l e  p l a n t s  in  a p p a r e n t ly  homozygous 
r e s i s t a n t  l i n e s  and a few r e s i s t a n t  p l a n t s  i n  a p p a r e n t ly  homozygous 
s u s c e p t i b l e  l i n e s .
A r e a s o n a b ly  c lo s e  agreem ent in  th e  r e a c t i o n  o f  50 to  53 Fg 
l i n e s  to  r a c e s  6 , 8  and 16 su g g es te d  t h a t  b a s i c a l l y  one m ajo r 
dom inant gene governs  th e  r e a c t i o n  to  th e s e  t h r e e  r a c e s .  But th e  
r e a c t i o n  o f  each  r a c e  seems to  be in f lu e n c e d  by a d i f f e r e n t  s e t  
o f  m o d i f ie r  g e n e s .
Due to  th e  complex p e d ig re e  o f  th e  s t r a i n  1709, th e  e x a c t  
so u rc e  o f  r e s i s t a n c e  co u ld  n o t  be  d e te rm in e d .
The r e s u l t s  o f  th e  p r e s e n t  s t u d i e s  r e v e a le d  t h a t  s im p le  and 
in e x p e n s iv e  g re e n  house t e s t s  can be used  a d v a n ta g e o u s ly  to  i s o l a t e  
r e s i s t a n t  l i n e s  in  e a r l y  s e g r e g a t in g  g e n e r a t i o n s .
The s t r a i n  1709, b e s id e s  b e in g  r e s i s t a n t  to  a t  l e a s t  th r e e  
r a c e s  o f  b l a s t ,  p o s s e s s e s  s e v e r a l  im p o r ta n t  agronom ic c h a r a c t e r s .
I t  s h o u ld ,  t h e r e f o r e ,  p ro v e  to  be  a u s e f u l  p a r e n t  i n  f u t u r e  b l a s t  
b r e e d in g  p ro g ram s .
v i i
INTRODUCTION
A lthough  th e  b l a s t  d i s e a s e  o f  c i c e  has been  known f o r  
c e n t u r i e s ,  i t  was in  1891 t h a t  th e  I t a l i a n  m y c o lo g is t  Cavara 
f i r s t  d e s c r ib e d  th e  c a u s a t iv e  fungus and named i t  P i r i c u l a r i a  o r y z a e . 
For more th a n  h a l f  a c e n tu r y  th e  d i s e a s e  has  been  o f  g r e a t  concern  
to  r i c e  b r e e d e r s  and p l a n t  p a t h o l o g i s t s  i n  many r i c e  growing 
c o u n t r i e s  o f  th e  w o r ld .
The developm ent and s e v e r i t y  o f  b l a s t  d i s e a s e  on r i c e  a r e  
g r e a t l y  in f lu e n c e d  by r a i n f a l l ,  t e m p e ra tu re ,  h u m id i ty ,  s t a g e  o f  
p l a n t  g row th , s o i l  ty p e ,  i r r i g a t i o n  and c u l t u r a l  p r a c t i c e s .  In  
r e c e n t  t im es many r i c e  growing c o u n t r i e s  a r e  u s in g  l a r g e  q u a n t i t i e s  
o f  f e r t i l i z e r s  f o r  h ig h  r i c e  p r o d u c t io n .  I t  i s  now w e l l  e s t a b l i s h e d  
t h a t  l a r g e  a p p l i c a t i o n s  o f  n i t ro g e n o u s  f e r t i l i z e r s  a g g ra v a te  th e  
p o s s i b i l i t i e s  f o r  s e r io u s  o u tb re a k s  o f  b l a s t .  The d i s e a s e  i s  l e s s  
common in  c e r t a i n  y e a r s  b u t  i s  a  c o n t in u a l  t h r e a t  to  r i c e  c u l t u r e  
b e ca u se  o f  i t s  d e s t r u c t i v e n e s s  when i t  becomes e p i p h y t o t i c .  In  
s p i t e  o f  th e  f a c t  t h a t  s e v e r a l  f u n g ic id e s  a r e  known to  combat th e  
d i s e a s e ,  p r o p h y la c t i c  m easures  o f t e n  f a i l  due to  th e  suddeness  o f  
th e  developm ent o f  th e  d i s e a s e  and th e  i n a b i l i t y  to  ap p ly  them a t  
th e  p ro p e r  t im e .  C o n seq u en tly ,  s u b s t i t u t i o n  o f  r e s i s t a n t  v a r i e t i e s  
f o r  s u s c e p t i b l e  ones o f f e r s  th e  b e s t  means o f  a v o id in g  heavy lo s s e s  
due to  b l a s t .  T h e r e f o r e ,  c o n s id e r a b le  e f f o r t  has  been  d i r e c t e d  towards 
c o n t r o l  o f  t h i s  i n t e r n a t i o n a l l y  im p o r ta n t  d i s e a s e  o f  r i c e  by b re e d in g  
r e s i s t a n t  v a r i e t i e s .
One im p o r ta n t  c o m p l ic a t in g  f a c t o r  o f  b l a s t  d i s e a s e  t h a t  was 
r e c o g n ise d  r a t h e r  r e c e n t l y  i s  th e  o c c u r re n c e  o f  p h y s io lo g ic  r a c e s  
o f  P i r i c u l a r i a  o ry z a e  Cav. R ic e  b r e e d e r s  i n  m ost c o u n t r i e s  a r e  
e x p e r ie n c in g  th e  f a i l u r e  o f  new v a r i e t i e s  to  m a i n t a i n - t h e i r  
r e s i s t a n c e  ev ery  y e a r  in  a l l  l o c a l i t i e s .  V a r i e t i e s  r e s i s t a n t  in  
one l o c a l i t y  o r  y e a r  o f t e n  become s u s c e p t i b l e  in  a n o th e r .  T h is  
d i f f e r e n t i a l  b e h a v io r  o f  v a r i e t i e s  has been  a t t r i b u t e d  to  th e  
e x i s t e n c e  o f  p h y s io lo g ic  r a c e s  o f  th e  p a th o g en .  The f i r s t  p o s i t i v e  
ev id en ce  o f  th e  e x i s t e n c e  o f  p h y s io lo g ic  r a c e s  o f  P. o ry zae  was 
o b ta in e d  i n  th e  U nited  S t a t e s  in  1953. S in ce  th e n ,  v a r i e t a l  
r e a c t i o n  to  th e  d i f f e r e n t  r a c e s  o f  b l a s t  fungus has been  s tu d ie d  
e x t e n s iv e ly  in  t h i s  c o u n t ry .
C o n s id e ra b le  p ro g r e s s  has been  made in  b re e d in g  f o r  b l a s t  
r e s i s t a n c e  in  d i f f e r e n t  r i c e  growing c o u n t r i e s  and numerous pub­
l i c a t i o n s  p e r t a i n i n g  to  v a r i e t a l  r e s i s t a n c e  to  b l a s t  have a p p ea re d .  
However, r e l a t i v e l y  few p u b l i c a t i o n s  have been  r e p o r t e d  on th e  
i n h e r i t a n c e  o f  r e s i s t a n c e  to  b l a s t  in  g e n e r a l ,  and p r a c t i c a l l y  
none on th e  i n h e r i t a n c e  o f  r e s i s t a n c e  to  in d iv id u a l  r a c e s .  A 
knowledge o f  th e  i n h e r i t a n c e  o f  r e s i s t a n c e  to  i n d iv id u a l  b l a s t  
r a c e s  i s  b a s i c  to  a  w e l l  p lan n ed  b re e d in g  program w hich w i l l  en ab le  
th e  b r e e d e r  to  in c o r p o r a te  more e f f i c i e n t l y  th e  genes f o r  r e s i s t a n c e  
to  many r a c e s  in  a v a r i e t y .
The p r e s e n t  s t u d i e s  were c a r r i e d  o u t  m a in ly  to  p ro v id e  i n f o r ­
m a tion  on th e  i n h e r i t a n c e  o f  r e s i s t a n c e  to  b l a s t  r a c e  6 , which i s  
th e  most common r a c e  p r e s e n t  i n  th e  U nited  S t a t e s .  A ttem pts  were
a l s o  made to  f in d  o u t  w he ther th e  same gene o r  genes c o n t r o l l i n g  
r a c e  6  a l s o  govern  th e  r e s i s t a n c e  to  r a c e s  8  and 16.
see d s  o f  th e  c ro s s  1709 X Cl 9418 were o b ta in e d  from th e  
R ic e  E xperim ent S t a t i o n ,  C rowley. The 1709 p a r e n t  was known to  
b e  r e s i s t a n t  to  b l a s t  under f i e l d  c o n d i t io n s  a t  th e  R ice  Experim ent 
S t a t i o n  w h i le  th e  Cl 9418 p a r e n t  was known to  be  s u s c e p t i b l e .
F-  ^ and F 2  p l a n t s  w ere  r a i s e d  i n  th e  g re e n  house and th e  F 2  and Fg 
seed s  w ere h a r v e s te d  in  1961, s p r in g  and summer, r e s p e c t i v e l y .
The s e e d l in g  r e a c t i o n  o f  F^ , F ^ ,  and F^ l i n e s  to  r a c e  6 , and o f  
s e l e t e d  F_ l i n e s  to  r a c e s  8  and 16, w ere  c a r r i e d  o u t  i n  th e  g reen  
house  d u r in g  th e  f a l l  o f  1962.
REVIEW OF LITERATURE
The L i t e r a t u r e  Review i n  t h i s  d i s s e r t a t i o n  has been p r e s e n te d  
in  th e  fo l lo w in g  o r d e r :
1 .  S tu d ie s  on b re e d in g  and t e s t i n g  v a r i e t i e s  f o r  r e s i s t a n c e
to  th e  b l a s t  d i s e a s e  in  r i c e .
2 . I n h e r i t a n c e  o f  r e s i s t a n c e  to  b l a s t  d i s e a s e .
3 . S tu d ie s  on p h y s io lo g ic  s p e c i a l i z a t i o n  o f  P i r i c u l a r i a  o r y z a e .
4 .  Sources  o f  r e s i s t a n c e  to  b l a s t .
1 .  S tu d ie s  on B reed in g  and T e s t in g  V a r i e t i e s  f o r  R e s i s ta n c e
to  th e  B l a s t  D is e a s e  in  R ic e .
T e s t in g  and b re e d in g  o f  r i c e  v a r i e t i e s  f o r  b l a s t  d i s e a s e  
r e s i s t a n c e  has been  i n t e n s i v e l y  c a r r i e d  o u t  in  J a p a n ,  U .S .A .,  I n d i a ,  
Taiwan, and C eylon .
F u l to n  (12) was one o f  th e  e a r l i e s t  i n v e s t i g a t o r s  who o b ta in e d  
v a r i e t a l  d i f f e r e n c e s  in  r i c e  f o r  r e a c t i o n  to  b l a s t  d i s e a s e .  He 
found t h a t  Honduras was l e a s t  s u s c e p t i b l e  to  b l a s t ,  w h i le  re d  r i c e  
was h ig h ly  s u s c e p t i b l e .
By r e p e a te d  i n o c u l a t i o n  s t u d i e s  o f  ab o u t 430 r i c e  v a r i e t i e s  
N ish ik ad o  (43) o b se rv ed  t h a t  34 v a r i e t i e s  were c o m p a ra t iv e ly  
r e s i s t a n t  to  b l a s t  d i s e a s e .  However, none were e n t i r e l y  immune.
Thomas ( 6 6 ) c a r r i e d  o u t  ex p e r im en ts  to  d e te rm in e  th e  r e l a t i v e  
r e s i s t a n c e  o f  a  l a r g e  number o f  v a r i e t i e s . He found two v a r i e t i e s ,  
namely Co. 4 and GEB 24, to  be h ig h ly  r e s i s t a n t ,  w h i le  Korangusamba 
was h ig h ly  s u s c e p t i b l e .  S u b se q u en t ly ,  t h e s e  v a r i e t i e s  formed th e  
p a r e n t a l  m a t e r i a l  f o r  e f f e c t i n g  c r o s s e s  by Ramiah and Ramaswamy 
( 5 5 ) .  They i s o l h t e d  p u re  b r e e d in g ,  d i s e a s e - f r e e  s e l e c t i o n s ,  which 
y i e ld e d  10 to  50 p e r c e n t  more th a n  th e  s u s c e p t i b l e  v a r i e t y  Korangu­
samba.
Crawley and A d a ir  (9) conducted  v a r i e t a l  t e s t s  to  d e te rm in e  
w h e th e r  th e  common commercial v a r i e t i e s  and h y b r id  s e l e c t i o n s  d i f f e r  
i n  t h e i r  r e a c t i o n  to  b l a s t .  They o b se rv ed  s i g n i f i c a n t  d i f f e r e n c e s  
in  th e  v a r i e t a l  r e a c t i o n s .  E a r ly  P r o l i f i c  was v e ry  s u s c e p t i b l e  
w h i le  Z e n i th  and A rkansas  F o r tu n a  were r e s i s t a n t .  Two h ig h  y i e l d i n g  
h y b r id  s e l e c t i o n s ,  A rk ro se  and P r e lu d e ,  were m o d e ra te ly  r e s i s t a n t .
Iw a ts a k i  (25) o b ta in e d  te n  h ig h ly  r e s i s t a n t  and p ro d u c t iv e  
v a r i e t i e s  w i th  d e s i r a b l e  c h a r a c t e r s ,  su ch  as  s t i f f n e s s  o f  s t r a w ,  
p l a n t  ty p e ,  and g r a in  q u a l i t y ,  by u s in g  F a tu b a  and S h i n j i  i n  h i s  
b re e d in g  w ork.
Using d i s t a n t l y  r e l a t e d  p a r e n t s ,  i n d i c a  and ja p o n ic a  t y p e s ,  
Shigemura (60) s u c c e s s f u l l y  b re d  a v a r i e t y  t h a t  showed s t r o n g e r  
r e s i s t a n c e  to  b l a s t  than  th e  p a r e n t s  F a tu b a  and Kanto 51 . The 
h y b r id  v a r i e t y  was b a c k - c ro s s e d  t h r e e  tim es  to  th e  ja p o n ic a  p a r e n t  
to  r e s t o r e  f e r t i l i t y  and to  o b t a in  ia p o n ic a  c h a r a c t e r i s t i c s .
S a i to  (56) t e s t e d  a s e r i e s  o f  83 v a r i e t i e s  from Ja p a n ,  China 
and I n d ia  under  l a t e  sown i r r i g a t e d  and u p lan d  c o n d i t i o n s .  He found
t h a t  C h inese  s e m ig lu t in o u s  and J a p a n e se  u p lan d  v a r i e t i e s  were 
h ig h ly  s u s c e p t i b l e ,  w h i le  Ja p a n e se  i r r i g a t e d  and Taiwan u p land  
v a r i e t i e s  w ere  m o d e ra te ly  s u s c e p t i b l e .  However, In d ia n  v a r i e t i e s ,  
C h inese  n o n g lu t in o u s  and Taiwan i r r i g a t e d  v a r i e t i e s  were h ig h ly  
r e s i s t a n t .
A lthough  c e r t a i n  o ld  Ja p a n e se  v a r i e t i e s  a r e  r e s i s t a n t  to  b l a s t  
r i c e  b r e e d e r s  in  J ap a n  have used  in t ro d u c e d  v a r i e t i e s  o f  th e  in d ic a  
ty p e  as  a so u rc e  o f  b l a s t  d i s e a s e  r e s i s t a n c e .
Koyama (28) c ro s se d  two C hinese  b l a s t  r e s i s t a n t  v a r i e t i e s ,  
R e ish ik o  and To, w i th  two commercial J a p a n e se  v a r i e t i e s ,  N orin  10 
and G inbozu. He o b ta in e d  Kanto 51 and Kanto 52 , from Ginbozu X To, 
and Kanto 53 and Kanto 54 from N orin  10 X R e i s h ik o .  A l l  fo u r  o f  
th e s e  h y b r id  v a r i e t i e s  had h ig h e r  r e s i s t a n c e  to  b l a s t  th a n  o th e r  
r i c e  v a r i e t i e s  in  J a p a n .
H ashioka (15) conducted  s t u d i e s  on th e  annual and l o c a l  
v a r i a t i o n  o f  th e  v a r i e t a l  r e s i s t a n c e  o f  r i c e  to  th e  b l a s t  d i s e a s e .  
He grouped th e  v a r i e t i e s  i n t o  th e  fo l lo w in g  fo u r  c l a s s e s  b ased  on 
th e  o rd e r  o f  r e s i s t a n c e  o f  l e a v e s ,  p a n i c l e s  and nodes o f  cu lm s.
1 .  A r e s i s t a n t  group c o n s i s t i n g  o f  Taichung No. 114 
Kaohsium No. 10,
2 . A m o d e ra te ly  r e s i s t a n t  g ro u p , No. 103, Taichung No. 65 , 
T a ip e i  No. 6 .
3 .  A m o d e ra te ly  s u s c e p t i b l e  g ro u p , Hsin Chu A ilo k u  No. 1 , 
Tainang  No. 22.
4 .  A s u s c e p t i b l e  g ro u p , Kameno-0.
M ello-Sam payo, e t  a l .  (36) t e s t e d  v a r i e t i e s  from Oryza g l a b e r r im a , 
0 .  m inu ta  and lo c a l  c u l t i v a t e d  v a r i e t i e s  o f  S p a in  and P o r tu g a l  f o r  
b l a s t  r e s i s t a n c e .  They r e p o r t e d ,  t h a t  most v a r i e t i e s  were s u s ­
c e p t i b l e ,  b u t  a few d i s p la y e d  l e s s  i n f e c t i o n  th an  o t h e r s .  Del P rado  
( 1 0 ) s t u d i e d  com para tive  s u s c e p t i b i l i t y  o f  s e v e r a l  v a r i e t i e s  to  
P . o r y z a e . and he found 5 ML 77-1 -3  to  be m o d e ra te ly  r e s i s t a n t .
N a ra s in g a  Rao (41) r e p o r te d  a h ig h  d eg ree  o f  b l a s t  r e s i s t a n c e  
i n  s t r a i n s  6522 and 6517, w hich were i s o l a t e d  from a c r o s s  betw een 
Co. 4 and a s h o r t  d u r a t i o n  v a r i e t y  Co. 13.
L i  (32) t e s t e d  a s e r i e s  o f  r i c e  v a r i e t i e s  b e lo n g in g  to  the  
P e n g la i  ty p e  f o r  b l a s t  r e s i s t a n c e .  P a i - m i - f e n ,  Kug-fu 1 , K ao-hsiung  
27 and K ao-hsu ing  22 were found to  be th e  most r e s i s t a n t  v a r i e t i e s .
Reviewing the  work done in  I n d i a ,  Padmanabhan (49 , 50) m entioned  
t h a t  o u t  o f  500 v a r i e t i e s  t e s t e d ,  14 were s e l e c t e d  f o r  r e s i s t a n c e  
to  b l a s t  d i s e a s e .  From among t h e s e ,  f i v e  o f  th e  e a r l y  m a tu r in g  
v a r i e t i e s  w ere  in  f i e l d  t r i a l s  a t  v a r io u s  l o c a l i t i e s  in  I n d i a .
A p u r e l i n e  s e l e c t i o n ,  M. 42 ,  i s o l a t e d  from a l o c a l  in d ig en o u s  
v a r i e t y  named M olako luku lu , has been r e p o r t e d  to  be t o l e r a n t  to 
b l a s t ,  e s p e c i a l l y  under l a t e  p la n te d  c o n d i t i o n s .  (N a ra s in g a  Rao, 
e t  a l . ( 4 2 ) .
R am achandrarao , e t  a l .  (54) d i s c u s s e d  th e  perfo rm ance  o f  b l a s t  
r e s i s t a n t  s t r a i n s  i s o l a t e d  from th e  c r o s s  BCP 1 X Co. 4 .  They 
found s t r a i n s  5390 to  be s u p e r i o r  o v e r  th e  r e s t  o f  th e  s t r a i n s  w i th  
r e g a r d  to  b l a s t  r e s i s t a n c e  and y i e l d .
V a r i e t a l  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  to  b l a s t  were o b ta in e d  
in  F ran c e  by B ernaux ( 5 ) .  Three  v a r i e t i e s ,  namely Americano 1600, 
S e n a to re  N o v e l l i  and A d e la id e  C h i a p p e l l i ,  w ere  found r e s i s t a n t .
I n  g e n e r a l  t e t r a p l o i d  s p e c i e s ,  su ch  a s  Oryza l a t i f o l i a . were found 
l e s s  s u s c e p t i b l e  th a n  th e  d i p l o i d  s p e c i e s .
Ou (45) r e v ie w in g  th e  d i s e a s e s  o f  r i c e  i n  Taiwan r e p o r t e d  
t h a t ,  i n  g e n e r a l ,  " P o n la i"  r i c e  was more s u s c e p t i b l e  to  th e  b l a s t  
d i s e a s e  th a n  th e  n a t i v e  v a r i e t i e s .  He t e s t e d  more th an  1000 
v a r i e t i e s  by a r t i f i c i a l  i n o c u l a t i o n  te c h n iq u e s  and by f i e l d  t e s t s .  
Over 170 v a r i e t i e s  showed a  h ig h  d e g re e  o f  r e s i s t a n c e .  B ai-K itow  
w hich was a lm o s t  immune in  t h r e e  l o c a t i o n s  in  th e  N o rth  and c e n t r a l  
Taiwan became q u i t e  s u s c e p t i b l e  in  th e  S o u th .  The r e s i s t a n c e  o f  
r i c e  v a r i e t i e s  to  b l a s t  a l s o  v a r i e d  from y e a r  to  y e a r .
About 21 low la n d  r i c e  v a r i e t i e s  w ere  t e s t e d  by a r t i f i c i a l  
i n o c u l a t i o n  f o r  r e s i s t a n c e  to  b l a s t  by G a l la rd o  (13) in  th e  
P h i l i p p i n e s .  Inomay, AC 440 , DR 260, and Malaman were found u s e f u l  
i n  b re e d in g  f o r  r e s i s t a n c e ,  s i n c e  th ey  showed o n ly  v e ry  s l i g h t  
i n f e c t i o n  when in o c u la te d  a t  s e e d l in g ,  t i l l e r i n g  o r  b o o t  l e a f  
s t a g e .  N ine o th e r  v a r i e t i e s  showed m odera te  r e s i s t a n c e ,
P e i r i s ,  e t  a l .  (53) d e te rm in e d  v a r i e t a l  r e s i s t a n c e  to  
P i r i c u l a r i a  o ry z a e  by r a i s i n g  h ig h la n d  n u r s e r y  beds  and p r e d i s ­
p o s in g  th e  r i c e  p l a n t s  to  t h e  d i s e a s e .  A ccord ing  to  t h e i r  
a s s e s s m e n ts ,  SR 26 B, Murungakayan 302 and 304 and V I  28061 
w ere  v e ry  r e s i s t a n t ,  w h i le  Bengawan 27, T j a h ja  27, and S eg ad is  3443 
showed e x c e p t io n a l ly  h ig h  r e s i s t a n c e .  About 46 o th e r  v a r i e t i e s  
showed ex trem e s u s c e p t i b i l i t y .
D is c u s s in g  th e  d i s e a s e  r e s i s t a n c e  o£ th e  v a r i e t y  groups o f
\
r i c e  n a t i v e  to  th e  d i f f e r e n t  l a t i t u d i n a l  r e g io n s  in  A s i s ,  H ashioka 
(16) s t a t e d  t h a t  th e  Ja p a n e se  low land  r i c e  group was h ig h ly  
s u s c e p t i b l e  to  l e a f  b l a s t ,  a s  compared w i th  th e  r e s i s t a n c e  o f  th e  
T r o p ic a l  i n s u l a r  and C o n t in e n ta l  groups* However, he observed  
t h a t  t h i s  tendency  was n o t  so d i s t i n c t  in  th e  c a se  o f  neck and 
n o d e - b l a s t .  E v id e n t ly  th e  v a r i e t a l  groups d i f f e r e d  in  t h e i r  r e ­
a c t i o n  to  th e  l e a f ,  neck and n o d e - b l a s t  depending  upon th e  l a t i t u d e .
Ou e t  a l .  (47) e f f e c t e d  34 c ro s s  com bina tions  from 29 p a r e n t  
v a r i e t i e s  b e lo n g in g  to  fo u r  r i c e  groups in  Taiwan. They employed 
p e d ig r e e ,  b u lk  and b a c k - c ro s s  methods in  t h e i r  s e l e c t i o n  which was 
made from f i e l d s  where b l a s t  d i s e a s e  was s e v e r e .  Ten h ig h ly  
r e s i s t a n t  and n in e  m o d e ra te ly  r e s i s t a n t  homozygous l i n e s  were  o b ta in e d  
from t h r e e  P o n la i  v a r i e t i e s .
In  Ceylon y i e l d  t e s t s  o f  b l a s t  r e s i s t a n t  v a r i e t i e s  were 
conducted  and in fo rm a t io n  on t h e i r  d eg ree  o f  r e s i s t a n c e  was o b ta in e d  
by Fernando e t  a l . ( 1 1 ) .  Three o f  th e  improved v a r i e t i e s ,  namely
H. 4 (Murungakayan 302 X M as), H 105 (C. 104 X M urungakayan), and 
H 501 (GEB 24 X V e l l a i  I l l a n k a ly a n )  w ere  e s p e c i a l l y  recommended to  
fa rm ers  b eca u se  o f  t h e i r  good re sp o n se  to  heavy f e r t i l i z a t i o n ,  
combined w i th  s u p e r io r  b l a s t  r e s i s t a n c e .
Reviewing th e  work on v a r i e t a l  r e s i s t a n c e  o f  r i c e  to  b l a s t  
d i s e a s e ,  Marks e t  a l .  (34) r e p o r te d  23 r e s i s t a n t  o r  h ig h ly  r e s i s t a n t  
r i c e  v a r i e t i e s ,  o u t  o f  a  t o t a l  c o l l e c t i o n  o f  126 in d ig en o u s  t y p e s ,  
i n  C eylon .
Chang (7) rev iew ed  th e  r i c e  b re e d in g  program  and i t s  r e c e n t  
developm ents  in  Taiwan, w i th  r e f e r e n c e  to  b re e d in g  f o r  b l a s t  r e ­
s i s t a n c e .  He r e p o r t e d  t h a t  th e  r e s p o n se  o f  r i c e  to  b l a s t  in  th e  
l a t t e r  p a r t  o f  th e  growing s e a s o n ,  d i f f e r e d  from t h a t  in  th e  s e e d l in g  
s t a g e .  The fo l lo w in g  fo u r  v a r i e t i e s  were  t e s t e d  and found to  be 
r e s i s t a n t : ,  (1) Chia-nung 242, (2) Taichung 178, (3) Taichung 179,
(4) K aohsiung-yu  71.
Padmanabhan ejt a l .  (51) s t u d i e d  th e  r e a c t i o n  o f  470 ty p e s  
from th e  w o rld  g e n e t i c  s to c k s  in  I n d i a  by  a r t i f i c i a l  i n f e c t i o n  
w i th  b l a s t  a t  th e  s e e d l in g  s ta g e  and s u b se q u e n t  t e s t i n g  f o r  f i e l d  
r e a c t i o n .  From th e  f i n a l  t e s t s  i n  th e  f i e l d  BJ 1 , Co. 4 ,  S 67 ,
SM 6 , and SM 9 were found to  be r e s i s t a n t  w h i le  16 o th e r  v a r i e t i e s  
were  m o d e ra te ly  r e s i s t a n t .  They, however, ob se rv ed  t h a t  c e r t a i n  
v a r i e t i e s  were  r e s i s t a n t  a t  one s t a g e  o f  growth and s u s c e p t i b l e  a t  
a n o th e r .  I t  was su g g es te d  t h a t  i t  would be  p r e f e r a b l e  to  s e l e c t  
v a r i e t i e s  w hich a r e  r e s i s t a n t  a t  a l l  s t a g e s  o f  g row th .
I n  J a p a n  a c c o rd in g  to  IRC w ork ing  p a r t y  r e p o r t  (21) Shigemura 
and K itam ura  o b ta in e d  th e  h ig h ly  r e s i s t a n t  v a r i e t i e s  P i  No. 1 and 
P i  No. 2 by r e p e a te d ly  b a c k - c r o s s in g  Senbon A sah i to  Tadukan. 
S u b se q u en t ly  K itam ura  b re d  v a r i e t i e s  P i  No. 3 and P i  No. 4 which 
a r e  h ig h ly  r e s i s t a n t  to  b l a s t  w i t h  a l l  t h e  c h a r a c t e r i s t i c s  o f  th e  
r e c u r r e n t  ia p o n ic a  p a r e n t ,  by b a c k - c r o s s in g  N orin  8  f i v e  and fo u r  
t im e s ,  r e s p e c t i v e l y ,  to  Tadukan.
The r e a c t i o n s  o f  t h r e e  p o p u la t io n s  v i z .  T 4 ,  B and PT o f  w i ld  
r i c e  Oryza s a t i v a  f:. s p o n ta n e a , t o  b l a s t  d i s e a s e  were i n v e s t i g a t e d
by N a r i s e  ( 4 0 ) .  He o b serv ed  t h a t  th e  T. 4 p o p u la t io n  c o l l e c t e d  
from Sam alko ta  (Andhra P ra d e s h ,  I n d ia )  was found to  be h ig h ly  
r e s i s t a n t ,  w h i le  th e  B .and  px p o p u la t io n s  c o l l e c t e d  from C h in su ra  
(West B en g a l ,  I n d ia )  and P u t ta la m  (C e y lo n ) ,  r e s p e c t i v e l y ,  were 
h ig h ly  s u s c e p t i b l e .  However, by p a r t i t i o n i n g  th e  components o f  
v a r i a n c e ,  he c o n c lu d ed , "T ha t p l a n t s  in  w ild  p o p u la t io n  a r e  h ig h ly  
h e te ro zy g o u s  w i th  r e s p e c t  to  d i s e a s e  s u s c e p t i b i l i t y  and th e  i n t e r  
p o p u la t io n  v a r i a b i l i t y  i s  v e ry  h ig h " .
Takaos (64) r e p o r te d  th e  in c id e n c e  o f  b l a s t  on s i x  v a r i e t i e s  
grown i n  Hungary. Among th e  s i x  v a r i e t i e s ,  A l l o l i o  e a r ly  and l i n e  
45 were found to  b e  h ig h ly  r e s i s t a n t .
L e a f  and neck r e a c t i o n s  o f  27 r i c e  v a r i e t i e s  o f  P o n la i  r i c e  
( ja p o n ic a  ty p e )  and seven v a r i e t i e s  o f  n a t i v e  r i c e  ( i n d i c a  type) 
w ere  l i s t e d  by Chang ( 8 ) .  Taichung 176, 178, 179, 180 and Tee-Geo- 
Woo-Tsin were r e s i s t a n t  to  l e a f  r e a c t i o n  w h i l e ,  Taichung 178 and 
179 and B ei-N e-Fen and Kaohsiung T a l i -C h in y u  were r e s i s t a n t  to 
neck r e a c t i o n .  He f u r t h e r  o b se rv ed  t h a t  r e s i s t a n t  l i n e s  showed 
l i t t l e  v a r i a t i o n  in  t h e i r  r e a c t i o n  to  b l a s t  a t  d i f f e r e n t  l e v e l s  
o f  manuring,- w h i le  th e  l e s s  r e s i s t a n t  l i n e s  e x h ib i t e d  l a r g e r  v a r i a t i o n .
Wang e t  a l .  (69) p u b l i s h e d  th e  r e a c t i o n  o f  50 newly s e l e c t e d  
h y b r id  l i n e s  o f  P o n g la i  (H o ra i)  type  o f  r i c e  under n a t u r a l  b l a s t  
i n f e c t i o n .  A few o f  th e  l i n e s  were found s u f f i c i e n t l y  r e s i s t a n t  
f o r  f u r t h e r  u s e  in  th e  b re e d in g  program .
I n  a  w o rld  c o l l e c t i o n  o f  v a r i e t i e s  t e s t e d  f o r  r e a c t i o n  to  t h e  
b l a s t  fu n g u s ,  Simon (61) o b se rv ed  c e r t a i n  v a r i e t i e s  to  b e  r e s i s t a n t
w ith  good agronomic c h a r a c t e r s  and q u a l i t y  o f  r i c e .  The n a t i v e  
s e l e c t i o n  P a l l a g i  73 was one among them.
Ou (46) d is c u s s e d  th e  d i f f e r e n t  a s p e c t s  o f  r i c e  b l a s t  and, 
t e s t e d  th e  r e a c t i o n  o f  ab o u t 1700 r i c e  v a r i e t i e s  and h y b r id  p ro ­
g e n ie s  to  th e  b l a s t  fu n g u s .  The r e s u l t s  i n d i c a t e d  t h a t  r e s i s t a n t  
v a r i e t i e s  a r e  o f  eq u a l  number from N orth  and N o r th - e a s t  r e g io n s  
and a  g r e a t e r  number a r e  s u s c e p t i b l e  in  th e  c e n t r a l  r e g io n  o f  
T h a i la n d .  He o b se rv ed  t h a t  th e  f l o a t i n g  ty p es  a r e  m o s tly  i n t e r ­
m e d ia te  in  r e a c t i o n .  In  sample t e s t s  o f  F5  and Fg g e n e r a t i o n s ,  
r e s i s t a n t  p l a n t s  s e l e c t e d  in  F^ d id  n o t  s e g r e g a te  i n  Fg p o p u la t io n  
c o n s i s t i n g  o f  450 p l a n t s ,  b u t  rem ained  r e s i s t a n t .  The v e ry  
s u s c e p t i b l e  p l a n t s  s e l e c t e d  in  F 5  rem ained  s u s c e p t i b l e  in  F g . 
However, i n d iv id u a l  p l a n t s  w hich showed in te r m e d ia te  r e a c t i o n  
s e g re g a te d  i n t o  more r e s i s t a n t  and more s u s c e p t i b l e  ty p e s .
Samad (57) r e p o r t e d  th e  r e l e a s e  o f  two b l a s t  r e s i s t a n t  s t r a i n s ,  
Co. 29 and Co. 30 i s o l a t e d  from Co. 13 X Co. 4 and GEB 24 X Co. 4 ,  
r e s p e c t i v e l y .
Templeton e t  a l .  (65) t e s t e d  67 v a r i e t i e s  and l i n e s  d u r in g  
1960 i n  th e  g reen  house and in  th e  f i e l d .  They n o t i c e d  c o n s id e r a b le  
d i f f e r e n c e s  among th e  v a r i e t i e s  in  t h e i r  r e a c t i o n  to  b l a s t .  From 
among th e  11 commercial v a r i e t i e s  t e s t e d ,  G u l f r o s e ,  Z e n i th  and 
L a c ro s se  a r e  th e  o n ly  r e s i s t a n t  v a r i e t i e s ,  w h i le  th e  rem a in in g  
v a r i e t i e s  w ere  s u s c e p t i b l e .  I t  was concluded  t h a t  s e e d l in g  r e a c t i o n  
i s  f a i r l y  c l o s e l y  c o r r e l a t e d  to  n e c k - r o t  r e a c t i o n  o f  m a tu re  p l a n t s .
K atasuya  (26) t e s t e d  th e  r e a c t i o n  o£ 92 s t r a i n s  o£ 20 s p e c ie s  
o f  th e  genus O ry za , t h r e e  i n t e r - s p e c i f i c  h y b r id s  o f  O ry z a . two 
s t r a i n s  o f  Z iz a n ia  l a t i f o l i a  and a  s t r a i n  o f  C h ik u s ic h lo a  a q u a t i c  
w i th  two i s o l a t e s ,  namely P 2 and 5 4 .0 4 ,  o f  P . o ry z a e .  He ob serv ed  
t h a t  s t r a i n s  o f  0 . s a t i v a  f . s p o n ta n e a , 0 .  p e r e n n i s , 0 . b a r t h i i ,
0 . s t a p f i i  and 0 . b r e v i l i g u l a t a  e x h ib i t e d  e i t h e r  r e s i s t a n c e  o r  
s u s c e p t i b i l i t y  o r  a m odera te  r e s i s t a n c e .  However, Z iz a n ia  l a t i f o l i a  
and C h ik u s ic h lo a  a q u a t i c  behaved d i f f e r e n t l y ,  th e  fo rm er b e in g  
r e s i s t a n t  and th e  l a t e r  s u s c e p t i b l e .  He co u ld  n o t  e s t a b l i s h  any 
r e l a t i o n s h i p  w i th  r e g a r d  to  s u s c e p t i b i l i t y ,  l o c a l i t y  and chromosome 
number.
S in ce  1942 c o n s id e r a b le  e f f o r t s  were made in  Japan  to  improve 
th e  l o c a l  ia p o n ic a  ty p e  o f  v a r i e t i e s  w hich a r e  h ig h ly  s u s c e p t i b l e  
to  b l a s t .  They have o f t e n  u t i l i z e d  C hinese  v a r i e t i e s  i n  the  
h y b r i d i z a t i o n  program f o r  e v o lv in g  s u i t a b l e  commercial v a r i e t i e s  
w hich a r e  h ig h ly  r e s i s t a n t  to  b l a s t .  As a  r e s u l t  o f  such  e f f o r t s ,
I t o  (24) o b ta in e d  Kanto 53 by c r o s s in g  N orin  10 and R e ish ik o  
( r e s i s t a n t  C hinese  v a r i e t y ) .  A lthough  Kanto 53 was h ig h ly  r e s i s t a n t  
to  b l a s t ,  i t  d id  n o t  p o s s e s s  o t h e r  d e s i r a b l e  c h a r a c t e r s ,  such as  
lo d g in g  r e s i s t a n c e  and h ig h  y i e l d .  By f u r t h e r  h y b r i d i z a t i o n  o f  
Kanto 53 w i th  N orin  29, a  l e a d in g  commercial v a r i e t y  Kosubue was 
o b ta in e d ,  w hich p roved  ex tre m e ly  p o p u la r  in  th e  K a n to - to s a n  r e g io n  
i n  J a p a n .
A tk in s  e t  a l .  (4) have  t e s t e d  f o r  s e v e r a l  y e a r s ,  a  l a r g e  number 
o f  U n ited  S t a t e s  v a r i e t i e s  to  b l a s t  in  f i e l d  grown n u r s e r i e s  and
a l s o  i n  th e  g re e n  house by a r t i f i c i a l  i n o c u l a t i o n .  Due to  th e  
p re v e la n c e  o f  d i f f e r e n t  p h y s io lo g ic  r a c e s ,  th ey  have adop ted  th e  
p ro c e s s  o f  s c r e e n in g  v a r i e t i e s  i n  th e  g reen  house  f o r  i n d iv id u a l  
r a c e s  and th o s e  t h a t  a r e  r e s i s t a n t  to  s e v e r a l  r a c e s  a r e  th en  t e s t e d  
i n  th e  f i e l d .  They emphasized t h a t  v a r i e t a l  r e a c t i o n  b a sed  on 
f i e l d  o b s e r v a t io n  a lo n e  would be  i n c o r r e c t  f o r  two re a s o n s :  1 .  A
v a r i e t y  though r e a l l y  s u s c e p t i b l e  may seem r e s i s t a n t  due to  th e  f a c t  
t h a t  i t  e scap es  th e  d i s e a s e .  2. P re se n c e  o r  absence  o f  a  p a r t i c u l a r  
p h y s io lo g ic  r a c e  w i th in  th e  a r e a ,  may cause  a p a r e n t  i n c o n s i s t e n c i e s  
i n  th e  b e h a v io r  o f  th e  v a r i e t i e s .
They found t h a t  s e v e r a l  U. S. v a r i e t i e s  w ere  r e s i s t a n t  to  one 
o r  th e  o th e r  o f  th e  te n  e x i s t i n g  r a c e s ,  w h i le  none were r e s i s t a n t  
to  a l l .
The Working P a r ty  on R ice  P ro d u c t io n  and P r o t e c t i o n  (22) a t  i t s  
n i n t h  s e s s i o n  a t  New D e lh i ,  recommended th e  e s ta b l i s h m e n t  o f  un ifo rm  
b l a s t  n u r s e r i e s  as  a p r e r e q u i s i t e  in  b re e d in g  f o r  b l a s t  r e s i s t a n c e .
The com m ittee  a l s o  recommended th e  u se  o f  th e  u p land  n u rs e ry  
t e c h n iq u e ,  to  a s s e s s  th e  v a r i e t a l  r e s i s t a n c e  to  b l a s t  and r e p e a t  
such  t e s t s  f o r  t h r e e  to  fo u r  c o n s e c u t iv e  y e a r s .
On th e  recommendation o f  th e  Working P a r ty  on R ice  B reed in g  in  
1955 (23) c o o p e r a t iv e  b l a s t  r e s i s t a n t  t r i a l s  were u n d e r ta k en  by 
J a p a n ,  U .S .A .,  I n d i a ,  P h i l i p p i n e s ,  E gyp t,  Taiwan and T h a i la n d .
R e s u l t s  from such t e s t s  i n d i c a t e d  t h a t  r e a c t i o n  o f  v a r i e t i e s  in
Jap an  d i f f e r e d  from th o s e  in  o th e r  c o u n t r i e s  w hich "seems to  a r i s e
from a low er w orking s ta n d a rd  o f  r e s i s t a n c e  i n  J a p a n " .  The d i f f e r e n t i a l
b e h a v io r  o f  the  .1 ap o n ica  r i c e  i n d i c a t e d  th e  e x i s t e n c e  o f  p h y s io lo g ic  
r a c e s  o f  th e  b l a s t  fu n g u s .  I t  was a l s o  r e p o r t e d  t h a t  w ell-know n 
r e s i s t a n t  o r  s u s c e p t i b l e  v a r i e t i e s  o f  one c o u n try  rem ained  con­
s i s t e n t l y  r e s i s t a n t  o r  s u s c e p t i b l e  i n  a l l  o t h e r  c o u n t r i e s .
2. I n h e r i t a n c e  o f  R e s i s t a n c e  to  B l a s t  D is e a s e .
S tu d ie s  on th e  i n h e r i t a n c e  o f  d isea se ,  r e s i s t a n c e  i n  crop  p l a n t s  
have been a  f r u i t f u l  f i e l d  f o r  th e  a p p l i c a t i o n  o f  g e n e t i c  p r i n c i p l e s  
to  p l a n t  b r e e d in g .  Such s t u d i e s  a r e  volum inous i n  c ro p s  l i k e  
w h e a t ,  b a r l e y  and o th e r  c ro p s .
A lthough  f a i r l y  good p ro g r e s s  has  been  made w i th  r e g a r d  to  
v a r i e t a l  t e s t i n g  and b re e d in g  f o r  b l a s t  r e s i s t a n c e  in  r i c e ,  r e ­
l a t i v e l y  meager in f o r m a t io n  has been  r e p o r t e d  on th e  i n h e r i t a n c e  
o f  b l a s t  r e s i s t a n c e .  A rev iew  o f  th e  i n h e r i t a n c e  s t u d i e s  on b l a s t  
r e s i s t a n c e  w i l l  s e r v e  to  show th e  d i v e r s i t y  o f  r e s u l t s  o b ta in e d  
th u s  f a r .
The e a r l i e s t  i n v e s t i g a t i o n  on th e  i n h e r i t a n c e  o f  r e s i s t a n c e  
to  b l a s t  d i s e a s e  was c a r r i e d  o u t  by S a s a k i  in  1922 ( 5 9 ) .  He 
o b serv ed  b l a s t  r e s i s t a n c e  as  c o n t r o l l e d  by a  s i n g l e  dom inant gene 
i n  s e v e r a l  c r o s s e s ,  g iv in g  a r a t i o  o f  1 : 2 : 1 , o f  r e s i s t a n t ,  s e g r e g a t in g  
and s u s c e p t i b l e  p l a n t s  i n  th e  Fg g e n e r a t i o n .
Nakatomi ( 3 9 ) r e p o r t e d  com plem entary dominant genes go v e rn in g  
b l a s t  r e s i s t a n c e  g iv in g  r a t i o s  o f  9 : 3 : 4  and 9 :7  i n  two d i f f e r e n t  
s e t s  o f  c r o s s e s .  His r e s u l t s  w ere  b a se d  on th e  s u r v i v a l  o f  p l a n t s  
i n  th e  Fg g e n e r a t i o n .
Ramiah _et a l .  (55) s tu d ie d  th e  i n h e r i t a n c e  o f  b l a s t  r e a c t i o n  
i n  two s e t s  o f  c r o s s e s ,  namely:
1 . . GEB 24 X Korangusamba
2. Co. 4 X Korangusamba
They found th e  p l a n t s  to  be  in te r m e d ia te  in  th e  f i r s t  c r o s s ,  
w h i le  th e y  were r e s i s t a n t  in  th e  second c r o s s .  From th e  s e g r e g a t io n  
d a ta  in  F 2  g e n e r a t io n  th e y  c o n s id e re d  t h a t  r e s i s t a n c e  m igh t be  a 
s im p le  r e c e s s i v e  to  s u s c e p t i b i l i t y  in  th e  f i r s t  c ro s s  w h i le  th e  
i n h e r i t a n c e  in  th e  second c r o s s  was more c o m p lic a te d .  A lthough 
th e  s u s c e p t i b l e  p a r e n t  Korangusamba was common to  b o th  th e  c r o s s e s ,  
th e  i n h e r i t a n c e  was found d i f f e r e n t  i n  th e  two c a s e s .
A ccord ing  to  N agai (38) Nakamori made some i n t e r e s t i n g  s t u d i e s  
w i th  r e g a r d  to  v a r i e t a l  r e a c t i o n  to  b l a s t  a t  h ig h  and low a l t i t u d e s .  
He o b se rv ed  t h a t  most v a r i e t i e s  behaved r e s i s t a n t  a t  one l o c a t i o n  
b u t  s u s c e p t i b l e  a t  th e  o t h e r ,  w h i le  o n ly  a few were o f  th e  same 
ty p e  o f  r e a c t i o n  a t  b o th  th e  l o c a t i o n s .  To s tu d y  th e  i n h e r i t a n c e  
o f  r e s i s t a n c e  i n  th o se  v a r i e t i e s ,  he e f f e c t e d  c r o s s e s  between 
v a r i e t i e s  o f  th e  two t y p e s .  He o b ta in e d  s e g r e g a te s  which were 
e i t h e r  r e s i s t a n t  o r  s u s c e p t i b l e  a t  b o th  l o c a t i o n s .  He a l s o  
re c o v e re d  th e  p a r e n t a l  t y p e s .  From t h i s  b e h a v io r  he p o s t u l a t e d  
two dominant g e n es ,  each  o f  w hich gave r e s i s t a n c e  a t  one l o c a t i o n  
b u t  i n a c t i v e  a t  th e  o t h e r  l o c a t i o n .  The F^ d a t a  confirm ed  th e  
ex p ec ted  r a t i o  o f  9 : 3 : 3 : 1  on th e  b a s i s  o f  two indep en d en t g e n es ,  
in  w hich n in e  were r e s i s t a n t  o r  s e g r e g a t in g  a t  b o th  l o c a t i o n s ;  t h r e e  
w ere  r e s i s t a n t  o r  s e g r e g a t in g  a t  low a l t i t u d e  b u t  s u s c e p t i b l e  a t
h ig h  a l t i t u d e ;  t h r e e  r e s i s t a n t  o r  s e g r e g a t in g  a t  h ig h  a l t i t u d e
b u t  s u s c e p t i b l e  a t  low a l t i t u d e ;  one s u s c e p t i b l e  a t  b o th  th e  a l t i t u d e s .
H ashioka (14) s tu d ie d  th e  r e a c t i o n  o f  s e v e r a l  v a r i e t i e s  to  
l e a f  b l a s t ,  neck b l a s t  and n o d a l  b l a s t  in  Taiwan. He e f f e c t e d  
s e v e r a l  c r o s s e s  betw een r e s i s t a n t  and s u s c e p t i b l e  v a r i e t i e s  and 
o b serv ed  t h a t  a t  l e a s t  two dom inant genes were r e s p o n s i b l e  f o r  
r e s i s t a n c e  to  b l a s t  d i s e a s e ,  in  th o s e  c r o s s e s .
S tu d y in g  th e  r e s i s t a n c e  o f  l e a f  b l a s t  i n  c r o s s e s  between 
r e s i s t a n t  f o r e ig n  v a r i e t i e s  and s u s c e p t i b l e  J a p a n e se  v a r i e t i e s ,
Okado and Maeda a c c o rd in g  to  N agai (38) ob serv ed  t h a t  th e  was 
i n t e r m e d i a t e .  They p o s t u l a t e d  t h r e e  dominant g e n e s ,  R^, R2 , and R3 , 
w i th  a d d i t i v e  e f f e c t s  f o r  r e s i s t a n c e .  The d eg ree  o f  r e s i s t a n c e  
in c r e a s e d  p r o g r e s s i v e l y  w i th  th e  s im u ltan eo u s  p re s e n c e  o f  th e s e  
dominant g e n e s .
Oka e t  a l .  (44) used  b i o m e t r i c a l  methods f o r  g en ic  a n a l y s i s  
o f  th e  r e s i s t a n c e  o f  b l a s t  d i s e a s e  i n  t h e i r  s t u d i e s .  F 3
f a m i l i e s  and an F^ b u lk  p o p u la t io n  o f  a c r o s s  Pei-K u X Taichung 65, 
which w ere  p h y lo g e n e t i c a l ly  d i s t a n t  v a r i e t i e s ,  were  employed, and 
th e  d e g re e  o f  i n f e c t i o n  was m easured on a s i n g l e  p l a n t  b a s i s  by a 
s e r i e s  o f  in d ex  num bers. The number o f  e f f e c t i v e  f a c t o r s  govern ing  
r e s i s t a n c e  was c a l c u l a t e d  as  one , by M a th e r 's  p a r t i t i o n i n g  m ethod.
The mode o f  f req u en cy  d i s t r i b u t i o n  was such  t h a t  th e  gene f o r  s u s ­
c e p t i b i l i t y  ap p ea red  to  be dom inant over r e s i s t a n c e .  They a l s o  
o b serv ed  l in k a g e  betw een th e  r e s i s t a n c e  gene and th e  "Garnetic- 
Development g e n e s " ,  th u s  d i s t u r b i n g  th e  s e g r e g a t io n  r a t i o .
Bhapkar jet a l .  ( 6 ) s tu d ie d  th e  i n h e r i t a n c e  o f  b l a s t  d i s e a s e  
r e s i s t a n c e  in  th e  fo l lo w in g  t h r e e  c r o s s e s :  (1) EK 70 X Bavadya;
(2) H 566 X Z in y a -3 1 ;  (3) T 3 X K 540. From th e  b e h a v io r  o f  th e  
F i  and F 2  p r o g e n ie s ,  they  assumed r e s i s t a n c e  a s  dom inant o v e r  s u s ­
c e p t i b i l i t y  and t h a t  th e  dominance was governed by one o r  two m ajor 
g e n e s .
Ou e t  a l .  (57) , w i th o u t  c i t i n g  e x p e r im e n ta l  e v id e n c e ,  s t a t e d  as  
fo l lo w in g  in  t h e i r  r e p o r t  on r i c e  b re e d in g  f o r  b l a s t  d i s e a s e  
r e s i s t a n c e :  "The r e s i s t a n c e  seems to  be governed by one p a i r  (o r  
more) o f  genes which i s  n o t  co m p le te ly  dom inant. The r e s i s t a n t  
gene (o r  genes) in  th e  h ig h ly  r e s i s t a n t  n a t iv e  v a r i e t y  i s  found to  
be in  l i n k  w i th  t h a t  o f  o th e r  d e s i r a b l e  c h a r a c t e r s " .
Ou (4 6 ) ,  summarizing v a r i e t a l  r e s i s t a n c e  to  b l a s t  in  T h a i la n d ,  
• r e p o r te d  th e  n a tu r e  o f  r e s i s t a n c e  from an F£ s e g r e g a t in g  p o p u la t io n .  
His s t u d i e s  in v o lv e d  th e  fo l lo w in g  c ro s s  co m b in a tio n s  betw een 
r e s i s t a n t  ( R ) , m o d e ra te ly  r e s i s t a n t  (M), and s u s c e p t i b l e  (S) g roups: 
R X R; R X M; R X S; M X M; M X S; S X S. The r e s u l t s  o f  such 
c r o s s e s  showed t h a t  in  g e n e r a l  th e  F2  p rogeny  o f  R X R were a l l  
r e s i s t a n t ;  o f  R X M, m o s t ly  in  betw een R and M; o f  R X S , v a ry in g  
from r e s i s t a n t  to  s u s c e p t i b l e  and m o s t ly  in te r m e d ia te  g ro u p s ;  o f  
M X M a l s o  v a ry in g  from r e s i s t a n t  to  s u s c e p t i b l e  beyond th e  ran g e  
o f  th e  p a r e n t a l  v a r i e t i e s ;  o f  M X S m o s t ly  betw een th e  p a r e n t a l  
r a n g e s ;  o f  S X S, a l l  s u s c e p t i b l e .  F i n a l l y ,  he conc luded  t h a t  th e  
r e s i s t a n c e  to  b l a s t  i s  governed  by s e v e r a l  p a i r s  o f  g e n es .
I n  Jap an  r e s u l t s  o f  gene a n a l y s i s  in  the h y b r id  v a r i e t i e s  P i  1 ; 
P i  2; P i  3; P i  4 ; showed t h a t  th e  b l a s t  r e s i s t a n c e  i s  c o n t r o l l e d  by
a s i n g l e  dominant gene " P i " .  However, i n  v a r i e t i e s  Kanto 51,
Kanto 55 and Imochi S h i r a z u ,  r e s i s t a n c e  i s  c o n t r o l l e d  by one m ajo r 
gene o t h e r  than  " P i " .  New v a r i e t i e s  w hich have b o th  th e  m ajor 
gene and th e  "P i"  have  a l s o  been  i s o l a t e d  ( 2 1 ) .
Simon (61) ob serv ed  r e s i s t a n c e  as  g e n e r a l l y  r e c e s s i v e  in  
c ro s s e s  between Dunghan S h a l i  ( s u s c e p t i b l e  p a r e n t )  and A gostano 
and l i n e  45 .
S ix  r e s i s t a n t ,  s i x  in te r m e d ia te  and seven  s u s c e p t i b l e  r i c e  
v a r i e t i e s  from th e  U. S . ,  J a p a n ,  and Taiwan were c ro s se d  by 
H sieh ej: a l .  (1 8 ) ,  i n  o r d e r  to  s tu d y  th e  i n h e r i t a n c e  o f  r e s i s t a n c e  
o f  r i c e  s e e d l in g s  to  P i r i c u l a r i a  o r y z a e . A r t i f i c i a l  i n o c u l a t i o n s  
were made and th e  F 2  p l a n t s  w ere  c l a s s i f i e d  i n t o  r e s i s t a n t  and 
s u s c e p t i b l e  b ased  on s i x  l e s i o n  ty p e s .  They concluded  t h a t  i n  a 
m a jo r i t y  o f  c r o s s e s  th e  F 2  showed monogenic s e g r e g a t i o n ,  r e s i s t a n c e  
b e in g  dominant o v e r  s u s c e p t i b i l i t y .  However, in  a few c r o s s e s  9 :7  
and 9 : 3 : 4  r a t i o s  w ere  o b ta in e d  i n d i c a t i n g  t h a t  a t  l e a s t  two 
dominant genes a r e  in v o lv e d  in  go v e rn in g  th e  r e s i s t a n c e  o f  b l a s t  
d i s e a s e .  The F 2  d a t a ,  however, were n o t  confirm ed  by a s tu d y  o f  
Fg l i n e s .  More o v e r  t h e i r  inoculum was composed o f  a number o f  
i s o l a t e s  c o l l e c t e d  from v a r io u s  r e g io n s  o f  Taiwan. I f  th e  inoculum 
c o n s i s t s  o f  more th a n  one r a c e  o f  th e  fun g u s ,  o b v io u s ly  th e  r e s u l t s  
w i l l  be  c o m p lic a te d .
3 . S tu d ie s  on P h y s io lo g ic  S p e c i a l i z a t i o n  o f  P i r i c u l a r i a  o r y z a e .
I n  b re e d in g  r i c e  v a r i e t i e s  f o r  r e s i s t a n c e  to  b l a s t ,  c o n s id e r a ­
t i o n  sh o u ld  b e  g iv en  to  th e  p o s s i b l e  e x i s t e n c e  o f  p h y s io lo g ic  r a c e s .
A knowledge o f  d i s t i n c t  p a th o g e n ic  r a c e s ,  by e s t a b l i s h i n g  d i f f e r -  
*
e n t i a l  t e s t  v a r i e t i e s ,  w i l l  s e r v e  as  an im p o r ta n t  to o l  in  s c r e e n ­
in g  and b re e d in g  r e s i s t a n t  v a r i e t i e s .  The n a tu r e  and d i s t r i b u t a t i o n  
o f  p h y s io lo g ic  r a c e s  o f  a crop  d i s e a s e  i s  a l s o  im p o r ta n t  and shou ld  
be known w e l l  b e f o r e  a th o ro u g h  b re e d in g  program  can be  i n i t i a t e d .
Using d i f f e r e n t  c u l t u r a l  c h a r a c t e r i s t i c s ,  S a s a k i  (58) d i s ­
t in g u i s h e d  t h r e e  s t r a i n s ,  A, B, and C, o f  th e  b l a s t  fu n g u s .  However, 
he r e c o g n is e d  o n ly  two r a c e s  A and B by t h e i r  p a th o g e n i c i t y  to  
d i f f e r e n t  r i c e  v a r i e t i e s .
S u b s e q u e n t ly ,  Hemmi e t  a l . (14) r e p o r t e d  p h y s io lo g ic  s p e c i a l i z a ­
t i o n  o f  P i r i c u l a r i a  o ry z a e  w i th  23 c u l t u r e s  o b ta in e d  from d i f f e r e n t  
s o u r c e s .  They o b serv ed  v a r i a t i o n s  i n  g e n e r a l  c u l t u r a l  c h a r a c t e r s ,  
te m p e ra tu re  r e l a t i o n s ,  and t h e i r  p a t h o g e n i c i t y .
T o c h in a i  ejt a l .  (67) made an e x te n s iv e  s tu d y  o f  a l a r g e  number 
o f  c u l t u r e s  from v a r io u s  s o u r c e s .  These c u l t u r e s ,  deve loped  from 
s i n g l e  sp o re  i s o l a t e s ,  grown on fo u r  ty p es  o f  c u l t u r e  m ed ia , were 
found to  d i f f e r  in  t h e i r  c u l t u r a l  c h a r a c t e r s .  They f i n a l l y  r e ­
c o g n ise d  n in e  d i s t i n c t  " p h y s io lo g ic  forms" b a se d  on t h e i r  c u l t u r a l  
b e h a v io r .  However, no d i f f e r e n t i a l  r i c e  v a r i e t i e s  were u sed  to  
r e c o g n iz e  t h e i r  p a t h o g e n i c i t y .
I s o l a t e s  c o l l e c t e d  by Todayosi (63) from K orea , Formosa and 
T ib a  p r e f e c t u r e  (Japan ) and c u l t u r e d  on n u t r i e n t  m ed ia , showed
d i f f e r e n t i a l  b e h a v io r  from which th e  a u th o r  d i s t i n g u i s h e d  s e v e r a l  
" ty p e s "  o f  b l a s t  fu n g u s .  From i n f e c t i o n  s t u d i e s  o f  th e s e  ty p es  
on r i c e  v a r i e t i e s ,  d i f f e r e n t i a l  b e h a v io r  o f  th e  i s o l a t e s  was 
o b s e rv e d .  This  p o in t s  o u t  th e  p o s s i b i l i t y  o f  th e  e x i s t e n c e  o f  
p h y s io lo g ic  s p e c i a l i z a t i o n  in  th e  p a th o g en .
A o k i,  a c c o rd in g  to  Padwick ( 5 2 ) ,  d i s t i n g u i s h e d  " d i f f e r e n t  
typ.es" o f  th e  b l a s t  fungus from a s tu d y  o f  23 c u l t u r a l  s t r a i n s .
His s t u d i e s  in c lu d e d  fo rm a tio n  o f  a e r i a l 'h y p h a e ,  d eg ree  o f  s p o r u la -  
t i o n ,  c o lo r  o f  th e  submerged mycelium in  one p e r c e n t  p o t a to - s u c r o s e -  
a g a r  and growth o f  submerged mycelium i n  s y n t h e t i c  m ed ia .
A d i s t i n c t  v a r i a t i o n  in  p a th o g e n i c i t y  o f  th e  d i f f e r e n t  c u l t u r e  
s t r a i n s  was r e c o g n iz e d  by Abe ( 1 ) .  In  h i s  s t u d i e s  s t r a i n s  n o .  X III  
and IX showed s t r o n g e s t  p a th o g e n i c i t y ,  w h i le  s t r a i n  no . V was 
w e a k e s t .  When 16 r i c e  v a r i e t i e s  were i n o c u la te d  w i th  t h r e e  c u l t u r a l  
s t r a i n s ,namely V, IX and V I I I ,  a l l  th e  v a r i e t i e s  succumbed to  
s t r a i n  n o . IX w h i le  p a t h o g e n i c i t i e s  o f  th e  s t r a i n s  no .  V and V II I  
were weak and i n d i s t i n g u i s h a b l e .  He d id  n o t ,  however, d i f f e r e n t i a t e  
them as s p e c i f i c  p a th o g e n ic  r a c e s .
C u l tu r a l  c h a r a c t e r i s t i c s  o f  21 d i f f e r e n t  c u l t u r a l  s t r a i n s  of 
th e  b l a s t  fungus were d e te rm in ed  by Inoue  ( 2 0 ) by t h e i r  a b i l i t y  to 
decompose c e l l u l o s e .  The fungus s t r a i n s  were grown on s y n t h e t i c  agar  
p l a t e s  c o n ta in in g  c o l l o i d a l  c e l l u l o s e .  S t r a i n s  no . 3 , 9 ,  10, 12, 15, 
20, 21, 29, and 34 showed most a c t i v e  a b i l i t y  to  decompose c e l l u l o s e  
w h i le  n o .  17 , 25 , and 32 were i n e r t .  The r e s t  o f  th e  s t r a i n s  were 
in te r m e d ia te  betw een th e s e  two g ro u p s .  The a c t i v e  a b i l i t y  to  decompos
c e l l u l o s e  was p o s i t i v e l y  c o r r e l a t e d  w i th  v i r u l e n t  p a t h o g e n i c i ty  
o f  th e  s t r a i n s  on r i c e  p l a n t s .
A lthough  s e v e r a l  w orkers  in  J ap a n  d i s t i n g u i s h e d  c u l t u r a l  
types  o f  b l a s t  w i th  d i s t i n c t  p a t h o g e n i c i t y ,  H ashioka (14) co u ld  
n o t  g e t  any ev id en c e  f o r  th e  p re s e n c e  o f  p h y s io lo g ic  r a c e s  on th e  
b a s i s  o f  d i f f e r e n t i a l  p a t h o g e n i c i t y  to  s e l e c t e d  r i c e  v a r i e t i e s .
He r e p o r t e d  as f o l l o w s •from h i s  e x te n s iv e  f i e l d  e x p e r im en ts :
"A lso  in  t h e  p r e s e n t  exper im en ts  which a r e  l a r g e s t  in  s c a l e  
among t h e  f i e l d  t r i a l s ,  on th e  b l a s t  d i s e a s e ,  ev er  r e p o r t e d  up to  
th e  p r e s e n t ,  p re s e n c e  o f  th e  r a c e s  o f  th e  fungus d i s t i n c t l y  d i f ­
f e r e n t  i n  p a th o g e n i c i ty  had n o t  been  fo u n d ."
The f i r s t  p o s i t i v e  ev id en ce  o f  th e  e x i s t e n c e  o f  p h y s io lo g ic  
ra c e s  o f - P .  o ry z a e  under n a t u r a l  c o n d i t io n s  i n  the  f i e l d ,  fo l lo w ed  
by e x p e r im e n ta l  ev id en ce  from g reen  house t e s t s ,  was o b ta in e d  by 
L a t t e r e l l  e t  a l .  ( 3 0 ) .  They d i s t i n g u i s h e d  two p h y s io lo g ic  r a c e s  
from a c o l l e c t i o n  o f  sev en  i s o l a t e s  b ased  on t h e i r  d i f f e r e n t i a l  
p a t h o g e n i c i ty  to  Z e n i th  and C alo ro  v ic e  v a r i e t i e s .  These two r a c e s  
a r e  now w e l l  e s t a b l i s h e d  as  r a c e  l a n d  r a c e  6 . Z e n i th  i s  h ig h ly  
r e s i s t a n t  to  r a c e  6  b u t  s u s c e p t i b l e  to  r a c e  1 ,  w h i le  C alo ro  i s  
h ig h ly  r e s i s t a n t  to  r a c e  1  b u t  s u s c e p t i b l e  to  r a c e  6 .
The p o s s i b i l i t y  o f  th e  e x i s t e n c e  o f  p h y s io lo g ic  r a c e s  o f  
b l a s t  i n  Ceylon was su g g e s te d  by P e i r i s  e t  al_. (53) , a l th o u g h  no 
ex p e r im e n ta l  ev id en c e  was o b ta in e d .
V en k a ta ray an  ( 6 8 ) a l s o  e x p re s s e d  th e  p o s s i b i l i t y  o f  o c c u r re n c e  
o f  p h y s io lo g ic  r a c e s  o f  th e  b l a s t  fungus in  I n d ia  b u t  f a i l e d  to
c i t e  any e x p e r im e n ta l  e v id e n c e .  S u b s e q u e n t ly ■, Padmanabhan (48) 
a t te m p te d  to  g e t  e v id en c e  o f  r a c e s  o f  b l a s t .  The t e s t s  were con­
d u c ted  w i th  fo u r  d i f f e r e n t  i s o l a t e s  o b ta in e d  from D e lh i ,  C oim batore , 
C u t ta ck  and Wynad. But no ev id en c e  o f  r a c e s  d i s t i n c t l y  d i f f e r e n t  
in  p a th o g e n i c i t y  was o b t a in e d .  R e c e n t ly  K u lk a rn i  ej: a l .  (29) 
r e p o r t e d  t h r e e  r a c e s  o f  b l a s t  in  Bombay P r o v in c e .
From a s e r i e s  o f  e x p er im en ts  conducted  in  Taiwan from 1956 to  
1958, a g r e a t  d e a l  o f  d i f f e r e n c e  in  b l a s t  r e s i s t a n c e  w i th  r e s p e c t  
to  v a r i e t y ,  l o c a l i t y  and y e a r ,  was o b ta in e d  by Chang (7) and Ou e t  a l . 
( 4 7 ) .  They su g g es te d  th e  p re s e n c e  o f  p h y s i o l o g i c a l  r a c e s  as  cau s in g  
t h i s  v a r i a t i o n .  A lthough  t h i s  can o n ly  be  re g a rd e d  as  c i r c u m s ta n c ia l  
e v id e n c e ,  Chang ( 8 ) o b ta in e d  th e  f i r s t  p o s i t i v e  ev id en ce  o f  
p h y s io lo g ic  s p e c i a l i z a t i o n  i n  Taiwan under  f i e l d  c o n d i t i o n s .
Chainung 242, w hich was f a i r l y  r e s i s t a n t  in  f i v e  d i f f e r e n t  l o c a t i o n s ,  
was found h ig h ly  s u s c e p t i b l e  in  T a i tu n g  c e n t e r . I t  was f u r t h e r  
r e p o r t e d  t h a t  "a  p r e l im in a r y  s tu d y  o f  s i x  m onocon id ia l  i s o l a t e s  on 
16 d i f f e r e n t i a l  v a r i e t i e s  o f  r i c e  has s u g g e s te d  th e  d i v i s i o n  o f  
f i v e  d i f f e r e n t  p a th o g e n ic  r a c e s .  I t  i s  ex p ec ted  t h a t  more p a th o g en ic  
r a c e s  would be  added to  th e  l i s t . "
Very r e c e n t l y ,  Hung e t  a d ,  (19) confirm ed  th e  f i n d in g s  o f  
Chang ( lo c  c i t . )  by i n o c u l a t i o n  t e s t s  w i th  seven  i s o l a t e s  on 16 
s ta n d a rd  r i c e  v a r i e t i e s .  They in d i c a t e d  th e  p o s s i b i l i t y  o f  th e  
o c c u r re n c e  o f  f i v e  d i s t i n c t  b l a s t  r a c e s  in  Taiwan,
I n  J a p a n  p h y s io lo g ic  s p e c i a l i z a t i o n  o f  th e  b l a s t  fungus has 
been  em phasized s in c e  1954. A c o o p e r a t iv e  b l a s t  r e s i s t a n t  scheme
sponso red  by FAO was o rg a n iz e d  a t  th e  N a t io n a l  I n s t i t u t e  o£ 
A g r i c u l t u r a l  S c ie n c e s ,  H ira ts u k a  and o th e r  c e n t e r s  (M orinaga, 3 7 ) .  
R e s u l t s  from th e s e  s t u d i e s  i n d i c a t e d  th e  p re s e n c e  o f  p h y s io lo g ic  
r a c e s  o f  b l a s t  in  J a p a n .  The r a c e s  so f a r  known were c l a s s i f i e d  
i n to  th e  fo l lo w in g  t h r e e  g ro u p s .
1 .  T group -  P a th o g e n ic  to  Tadukan and P i  no .  1 .
2 . C group -  P a th o g e n ic  to  Chokoto R e ish ik o  and Y akeiko , which
w ere  in t r o d u c e d  from C hina.
3 . N group -  P a th o g e n ic  o n ly  to  J a p a n e se  v a r i e t i e s .
These groups were f u r t h e r  su b d iv id e d  i n t o  s e v e r a l  subgroups (2 1 ) .
L a te r  r e p o r t s  from Ja p a n ,  i n d i c a t e d  t h a t  s t u d i e s  were c a r r i e d  
o u t  w i th  two r a c e s ,  namely P 2 and 54 04 (K a ta sp y a ,  2 6 ) ,  But i t  i s  
n o t  c l e a r  w h e th e r  th e s e  two r a c e s  b e lo n g  to  any o f  th e  t h r e e  main 
groups l i s t e d  above.
L a t t e r e l l  e t  a l .  (31) r e p o r t e d  15 p h y s io lo g ic  r a c e s  o f  
P . o r y z a e , c h a r a c t e r i z e d  by t h e i r  a b i l i t y  to  i n f e c t  t e n  d i f f e r e n t i a l
r i c e  v a r i e t i e s .  A t o t a l  o f  165 i s o l a t e s  were c o l l e c t e d  from v a r io u s
r i c e  growing c o u n t r i e s  and t e s t e d  a g a i n s t  te n  d i f f e r e n t i a l  v a r i e t i e s  
From th e  r e s u l t s  o b ta in e d ,  th ey  conc luded  t h a t  " i s o l a t e s  o f  
s i m i l a r  p a th o g e n i c i t y  were found from w id e ly  s e p a r a te d  r i c e  growing 
a re a s  o f  t h e  w o r ld . "  F u r th e r ,  more th an  one r a c e  was found to  be 
p r e s e n t  in  s e v e r a l  c o u n t r i e s .  Races 1 ,  2 , 4 ,  7, and 8  were r e p o r te d  
to  occu r  in  th e  U .S .
A tk in s  (3) con firm ed  th e  f in d in g s  o f  L a t t e r a l l  e t  a l .  ( lo c  c i t )  
He i d e n t i f i e d  one a d d i t i o n a l  r a c e ,  16 , from c o l l e c t i o n s  made in
1959-1960 . I t  was r e p o r t e d  t h a t  a t  l e a s t  t e n  r a c e s  a r e  now known 
to  o ccu r  in  th e  U .S . T ab le  I  shows th e  n a t u r e  o f  r e a c t i o n  o f  th e  
t e n  d i f f e r e n t i a l  t e s t  v a r i e t i e s  to  th e  te n  p h y s io lo g ic  r a c e s  p r e ­
v a l e n t  in  th e  U.S. The d i s t r i b u t i o n  o f  th e  known r a c e s  o f  b l a s t  
i n  th e  U.S. i s  p r e s e n te d  in  T ab le  2.
T able I .  Nature o f  R eaction  o f  D if f e r e n t ia l  V a r ie t ie s  to
D if fe r e n t  Races
D i f f e r e n t i a l Races o f P . oryzae P r e s e n t in  U.S .A.
V a r i e t i e s 1 2 3 4 5 6 ■ 7 8 1 0 16
1 . Z e n i th S R R R R R S R R R
2 . L a c ro s se R S R- - R R S S S R S
3. C alo ro R S S S R S S S R S
4 . C l .  8970(P) R R S R R S S S R S
5. C l .  8970(S) S R S R S s S S R S
6. C l.  5309 R R R R R R S S R R
7. P I .  180061 S R R R R R S fto R S
8 . P I .  201902 R R R R R R R R R S
9. P I .  231128 R R R R R R R R R -
1 0 . P I .  231129 R R • R R R R R R R -
R « r e s i s t a n t  
S = s u s c e p t i b l e
T ab le  2 . D i s t r i b u t i o n  o f  Races o f  P . o ry zae  in  th e  U. S.
Name o f  th e  ______________________ Races__________________________
S t a t e  _________ 1 2 3 4 5 6 7 8  10 16
A rkansas  x x x ■ x x
L o u is ia n a  x x x x  x x x x x  x
Texas x x x x
M i s s i s s i p p i  x
F l o r i d a  x
4 .  S ou rces  o f  R e s i s t a n c e  to  B l a s t .
One o f  th e  e a r l i e s t  r e p o r t s  o f  v a r i e t a l  t e s t s  in  J a p a n ,  by 
Nakatomi ( 3 9 ) ,  i n d i c a t e d  t h a t  v a r i e t i e s  from I n d i a ,  P h i l i p p i n e s  and 
J a v a  were h ig h ly  r e s i s t a n t .  S in c e  th e n ,  r i c e  b r e e d e r s  in  Japan  
have tu rn e d  to  in t r o d u c e d  i n d i c a  v a r i e t i e s  as  an im p o r ta n t  so u rc e  
o f  b l a s t  r e s i s t a n c e  to  improve th e  s u s c e p t i b l e  ja p o n ic a  v a r i e t i e s .
T e s t in g  th e  r e a c t i o n  o f  c e r t a i n  s p e c ie s  o f  th e  genus Oryza to  
b l a s t  i n f e c t i o n ,  Kawamura (27) o b se rv ed  Oryza s a t i v a  L. and 0 .  
c u b e n s is  a s  s u s c e p t i b l e  and 0 . l a t i f o l i a  and 0 . m in u ta  as  r e s i s t a n t .
He even c ro s s e d  th e  s u s c e p t i b l e  0 .  s a t i v a  w i th  0 .  m inu ta  and found 
th e  p rogeny  to  be r e s i s t a n t  l i k e  th e  r e s i s t a n t  p a r e n t ,  thus  
i n d i c a t i n g  th e  p o s s i b i l i t y  o f  i n t r o d u c in g  b l a s t  r e s i s t a n c e  from 
w i ld  s p e c i e s .
Very r e c e n t l y  K a tasuya  (26) r e p o r t e d  s t u d i e s  on th e  r e a c t i o n  
to  b l a s t  o f  92 s t r a i n s  b e lo n g in g  to  20 s p e c ie s  o f  th e  genus O ryza .
His r e s u l t s  confirm ed  some o f  th e  r e a c t i o n s  o b ta in e d  by Kawamura 
( lo c  c i t . ) . I t  was o b se rv ed  t h a t  some s t r a i n s  o f  0 .  s a t i v a  _f. s p o n ta n e a . 
£;. p e r e n n i s  and o th e r  w i ld  s p e c ie s  were  a l s o  found to  be  r e s i s t a n t  
to  b l a s t .  E v id e n t ly  some o f  th e  w i ld  s p e c ie s  w hich a r e  somewhat 
c l o s e l y  r e l a t e d  to  th e  c u l t i v a t e d  r i c e  0 . s a t i v a  ap p ea r  to  be 
im p o r ta n t  s o u rc e s  o f  b l a s t  r e s i s t a n c e .  The n e c e s s i t y  o f  u t i l i z i n g  
th e  r e s i s t a n c e  from w i ld  p a r e n t s  w i l l  a r i s e  o n ly  when we ex h au s t  a l l  
p o s s i b l e  s o u rc e s  from c u l t i v a t e d  v a r i e t i e s .
G e n ec o lo g ic a l .  s t u d i e s  c a r r i e d  o u t  by Matsuo ( 3 5 ) ,  u s in g  a  
l a r g e  number o f  c u l t i v a t e d  r i c e  v a r i e t i e s , r e v e a le d  v a r i e t a l  d i f f e r e n c e s
in  degree o f  in f e c t io n  to  b l a s t .  He found v a r ie t i e s  o f  p la n t type
"A" (from  J a p a n ,  K orea , Hopei and A f r i c a )  w ere  s u s c e p t i b l e ,  w h i le
v a r i e t i e s  o f  p l a n t  type  "B" (from  J a v a ,  Sum atra , P h i l i p p i n e s ,  Europe 
and Am erica) and "C" (from  I n d i a ,  In d o c h in a  and Formosa) were r e ­
s i s t a n t .  R e s i s t a n c e  to  t h e s e  t h r e e  groups was in  th e  o rd e r  o f  "C"
ty p e ,  "B" ty p e ,  and "A" ty p e .
Koyama (28) r e p o r te d  fo u r  in t ro d u c e d  J a p o n ic a  v a r i e t i e s ,  namely 
R e i s h ik o ,  To, C h in k e ish u  and Y akei n o n - g l u t i n o u s , as im p o r tan t  
s o u rc e s  o f  b l a s t  r e s i s t a n c e .  These r e s i s t a n t  v a r i e t i e s  were su c ­
c e s s f u l l y  used  in  t r a n s f e r r i n g  genes f o r  r e s i s t a n c e  to  s u s c e p t i b l e  
commercial j a p o n ic a  v a r i e t i e s  ( I t o ,  2 4 ) .
In  I n d i a ,  Padmanabhan et: a l . (51) l i s t e d  Co. 4 from M adras,
S. 67 from Mysore and B h o g j i r a  1 from West Bengal as r e s i s t a n t  
v a r i e t i e s .  The b l a s t  r e s i s t a n t  s t r a i n s  Co. 25, Co. 26, Co. 29 and 
Co. 30 frpm Madras S t a t e  and s t r a i n s  5352, 5392, 6517, 6522 from 
Andhra P ra d e s h ,  developed  th ro u g h  h y b r i d i z a t i o n  and i n t e n s i v e  
s e l e c t i o n ,  have d e r iv e d  t h e i r  r e s i s t a n c e  from Co. 4 ,  w hich i s  an 
o u t s t a n d in g  r e s i s t a n t  v a r i e t y  i n  South  I n d i a .
Fernando e t  a l, .  (11) r e p o r t e d  s i x  v a r i e t i e s  w hich w ere r e c e n t l y  
b re d  in  C eylon , as  r e s i s t a n t ,  w h i le  v a r i e t i e s  t h a t  have been under 
c u l t i v a t i o n  f o r  more th an  15 y e a r s  a r e  h ig h ly  s u s c e p t i b l e ,  w i th  th e  
e x c e p t io n  o f  P e r i a v e l l a i .  A nother v a r i e t y ,  Murungakayan 302, was 
r e p o r t e d  a s  a  p o p u la r  v a r i e t y  w i th  h ig h  b l a s t  r e s i s t a n c e .  By u s in g  
Murungakayan 302 a s  a  r e s i s t a n t  p a r e n t  in  a c r o s s  w i th  Mas, a  l e a d in g  
commercial v a r i e t y ,  H. 4 ,  was b r e d  w i th  h ig h  r e s i s t a n c e  to  b l a s t .
S tev en so n  e t  a l .  (62) l i s t e d  t h r e e  im p o r ta n t  s o u rc e s  f o r  b l a s t  
d i s e a s e  r e s i s t a n c e  in  U. S . r i c e  v a r i e t i e s .  They a r e  (1) F . E . l .  13056 
( C l .  1344) from Formosa in  1905. (2) P . E . I .  31169 ( C l .  177S) from
P h i l i p p i n e s  i n  1911. (3 ) S e l e c t io n s  from commercial v a r i e t i e s .
F or s e v e r a l  y e a r s  A tk in s  e t  al_. (4) have been s c r e e n in g  r i c e  
v a r i e t i e s  by g reen  house t e s t i n g ,  confirm ed  by f i e l d  grown n u r s e r i e s ,  
i n  o r d e r  to  d i s c o v e r  new germ p lasm  f o r  b re e d in g  b l a s t  r e s i s t a n t  
v a r i e t i e s .  They o b serv ed  t h a t  none o f  th e  v a r i e t i e s  from th e  U.S. 
have r e s i s t a n c e  to  a l l  o f  th e  te n  r a c e s  so f a r  known to  o ccu r  in  
t h i s  c o u n t r y .  However, s e v e r a l  o f  th e  p ro m is in g  e x p e r im e n ta l  v a r ­
i e t i e s  were found r e s i s t a n t  to  n in e  o f  th e  te n  r a c e s ,  w h i le  o th e r s  
a r e  r e s i s t a n t  to  e i g h t  r a c e s .  Z e n i th ,  N i r a ,  G u l f r o s e ,  Improved B lue  
Rose and Mo. R 500 were im p o r ta n t  so u rc e s  o f  b l a s t  r e s i s t a n c e  among 
th e  U.S. v a r i e t i e s .  Z e n i th  has shown r e s i s t a n c e  to  13 o u t  o f  16 
r a c e s  so  f a r  d is c o v e re d  b u t  i s  s u s c e p t i b l e  to  t h r e e  r a c e s ,  namely 
1 ,  7 and 13 . The r e s t  o f  th e  v a r i e t i e s  a r e  r e s i s t a n t  to  more than  
6  r a c e s .  Thus so u rc e s  o f  r e s i s t a n c e  to  i n d iv id u a l  r a c e s  were found 
in  o ld  and new U. S. v a r i e t i e s .
The r e s u l t s  o b ta in e d  from th e  c o o p e r a t iv e  b l a s t  r e s i s t a n t  
t r i a l s  sp o n so red  by F A 0 in  v a r io u s  r i c e  growing c o u n t r i e s  have 
i n d i c a t e d  f r u i t f u l  r e s u l t s .  The w ell-know n r e s i s t a n t  v a r i e t i e s  
l i k e  Bengawan o f  In d o n e s ia ,  S . 67 o f  I n d i a ,  Ramnad S t r .  3 o f  th e  
P h i l i p p i n e s  and Chainongyo 280 o f  Taiwan have  proved  t h e i r  r e s i s t a n c e  
a l l  o v e r  th e  w orld  (2 3 ) .
A n o th e r  l i n e  o f  p ro m is in g  f i e l d  o f  d i s e a s e  r e s i s t a n c e  i s  i r ­
r a d i a t i o n  b r e e d in g .
L in  e t  a l .  (33) e s t a b l i s h e d  r e s i s t a n t  l i n e s  from i r r a d i a t e d  
see d s  o f  Taichung 63 , a h ig h ly  s u s c e p t i b l e  v a r i e t y  in  J a p a n .  They 
c o n s id e re d  t h a t  b l a s t  r e s i s t a n c e  in  t h e i r  m a t e r i a l  was o b ta in e d  "by 
in d u ced  p o ly g e n ic  m u ta t io n s  caused  by i r r a d i a t i o n " .
\
MATERIALS AND METHODS
S ix  F^ seed s  o f  th e  c r o s s  1709 X C l 9418 were s u p p l ie d  by 
Mr, N. E, Jo d o n , A gronom is t ,  R ice  Experim ent S t a t i o n ,  Crowley,
L o u i s ia n a .  The see d s  w ere  sown on F eb ru a ry  16, 1961 in  th e  
g reen  house a t  B aton  Rouge and F 2  seed s  were h a r v e s te d - o n  J u l y  8 ,
1961. The F 2  seeds  were p l a n t e d  in  t h e  g reen  house a t  th e  R ice  
Experim ent S t a t i o n  on J u ly  28 , 1961 and th e  p o t s  were su b se q u e n t ly  
moved to  B aton  Rouge, where th e  p l a n t s  were grown to  m a t u r i t y .
F^ seed s  were h a rv e s te d  from in d iv id u a l  F 2  p l a n t s  on December 5 ,
1961.
The r e s i s t a n t  p a r e n t ,  1709, i s  a homozygous s e l e c t i o n  from th e  
c ro s s  Rexoro-Red X 250 M ag n o lia .  Rexoro-Red in  t u r n ,  i s  a s e l e c t i o n  
from a n a t u r a l  c ro s s .b e tw e e n  l o c a l  r e d  r i c e  and R exoro . Rexoro was 
s e l e c t e d  in  1926 from M arong-P aroc , a v a r i e t y  o r i g i n a l l y  in t ro d u c e d  
from th e  P h i l i p p i n e s  in  1911. On th e  o th e r  hand , 250 M agnolia  i s  a 
s e l e c t i o n  from th e  c r o s s  L a c ro s se  X M agno lia .  The s t r a i n  1709 i s  
an e a r l y  m a tu r in g  (3.00 days) , f in e  g r a i n  ty p e ,  w i th  go ld  h u l l s  and 
s h o r t  awns.
The s u s c e p t i b l e  p a r e n t ,  Cl 9418, i s  a s e l e c t i o n  from th e  fo l lo w in g  
m u l t i p l e  c r o s s .
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I t  m a tu res  in  120 days and i s  aw nless  w i th  s t ra w  h u l l  c o l o r .
Four F^ p l a n t s  o f  th e  c r o s s  1709 X Cl 9418 were m a in ta in e d  
th ro u g h  v e g e t a t i v e  p r o p a g a t io n  s in c e  J u l y  1961 in  t h e  g reen  house 
f o r  t e s t i n g  t h e i r  r e a c t i o n  to  b l a s t .
B e fo re  t e s t i n g  th e  h y b r id  m a t e r i a l ,  th e  te c h n iq u e  o f  in o c u la ­
t i o n  o f  p l a n t s  and e v a lu a t io n  f o r  l e s i o n  ty p es  were s ta n d a r d iz e d  
by c o n d u c t in g  p r e l im in a r y  t e s t s  on 16 v a r i e t i e s  and s t r a i n s  o f  
known r e a c t i o n .  The two p a r e n t s  were a l s o  in c lu d e d  in  th e s e  p r e ­
l im in a r y  t e s t s .  The r e a c t i o n s  o f  th e  v a r i e t i e s  and s t r a i n s  to  
r a c e s  1  and 6  w ere  e s t a b l i s h e d  and th e  l e s i o n  types  were d e te rm in e d .  
The 16 v a r i e t i e s  and s t r a i n s  used  in  t h i s  s tu d y  w ere: C o lu sa ,
C a lo ro ,  B lu e -B o n n e t ,  F o r tu n a ,  R exoro , Mo. R 500, G u lf  Rose, Z e n i th ,  
N i r a ,  P I  180061, PI 201902, B lue  Rose s e l e c t i o n ,  S t r a i n  1709,
S t r a i n  I ,  S t r a i n  5088 and Cl 9418. Seeds o f  a l l  v a r i e t i e s  were 
o b ta in e d  from th e  R ice  E xperim ent S t a t i o n ,  Crowley.
Four F^ p l a n t s ,  6 6  F 2  p l a n t s  and 135 Fg l i n e s  w ere t e s t e d  f o r  
r e a c t i o n  to  r a c e  6  i n  t h r e e  s e r i e s .  I n  each  s e r i e s  o f  t e s t i n g ,  
th e  two p a r e n t s  were a lw ays in c lu d e d  f o r  com parison .
The r e a c t i o n  o f  th e  p a r e n t s  and th e  v a r i e t i e s  Z e n i th  and N ira  
to  r a c e s  8  and 16 was a l s o  d e te rm in e d .
I n  a s e p a r a t e  t e s t  th e  n a tu r e  o f  r e a c t i o n  o f  L a c ro s s e  to  r a c e  6  
was a l s o  d e te rm in ed  a lo n g  w i th  th e  r e s i s t a n t  p a r e n t  1709 i n  an 
a t te m p t  to  d e te rm in e  th e  s o u rc e  o f  th e  r e s i s t a n c e  p r e s e n t  i n  th e  
1709 p a r e n t .
F i n a l l y  s e v e r a l  Fg f a m i l i e s  whose r e a c t i o n  to  r a c e  6  had been  
d e te rm in e d  were t e s t e d  s e p a r a t e l y  w i th  r a c e s  8  and 16 to  s e c u re  i n f o r ­
m a tio n  a s  to  w he ther th e  same g e n e .o r  d i f f e r e n t  genes a r e  in v o lv ed  
in  g o v e rn in g  r e s i s t a n c e  i n  1709 to  th e s e  t h r e e  r a c e s .
I s o l a t e s  o f  r a c e s  1 ,  6 , 8 , and 16 w ere  s u p p l ie d  by D r. John 
G. A tk in s ,  P l a n t  P a t h o l o g i s t ,  R ic e - P a s tu r e  Experim ent S t a t i o n ,  
Beaumont, T ex as .  The o r i g i n a l  i s o l a t e s  were t r a n s f e r r e d  to  tubes  
and p e t r i  d i s h e s  c o n ta i n in g  a 47. r i c e  p o l i s h - a g a r  medium. The 
c u l t u r e  medium f o r  growing th e  b l a s t  fungus was p re p a re d  by m ixing 
40 grams o f  r i c e  p o l i s h  i n  1000 m l. o f  d i s t i l l e d  w a te r .  The m ix tu re  
was cooked f o r  30 to  60 m in u te s  a t  b o i l i n g  te m p e ra tu re ,  and then
i
s t r a i n e d  th ro u g h  d o u b le  c h e e s e  c l o t h .  F i n a l l y  th e  volume was 
b ro u g h t  back  to  1000 m l. To t h i s  16 grams o f  a g a r  were  added and 
d i s s o lv e d  by b o i l i n g .  The c u l t u r e  medium was poured  i n t o  t e s t - t u b e s ,  
p lu g g ed  and then  s t e r i l i z e d  a lo n g  w i th  empty p e t r i  d i s h e s  in  an 
a u to c l a v e  a t  17 .l b s .  p r e s s u r e  and 120°C. f o r  30 m in u te s .
T r a n s f e r s  from o r i g i n a l  i s o l a t e s  were  made to  s l a n t e d  tu b es  
and p e t r i  d i s h e s  c o n ta i n in g  th e  medium. The c u l t u r e s  w ere  a llo w ed  
to  grow a t  room te m p e ra tu re s  f o r  9 -10  days b e f o r e  they  were used  f o r  
i n o c u l a t i n g  th e  r i c e  s e e d l i n g s .  The c u l t u r e s  i n  th e  tu b e s  were 
u t i l i z e d  a s  a  so u rc e  f o r  f u r t h e r  t r a n s f e r s ,  w h i le  th e  p e t r i  d is h e s
w ere  used  f o r  i n o c u l a t i n g  th e  s e e d l in g s *  S p o r u la t io n  o f  th e  fungus 
was p e r i o d i c a l l y  checked by  m ounting  s l i d e s  and exam ining under th e  
m ic ro sc o p e .
T hree  i s o l a t e s  o f  r a c e  6  d e s ig n a te d  (59 T IE , D 136, D 73) and 
one i s o l a t e  o f  each  o f  r a c e s  1 (59 L 1 3 ) ,  8  (62 F 1) and 16 (61 L 4) 
w ere  c u l t u r e d .  S in c e  th e  s p o r u l a t i o n  was poo r in  i s o l a t e s  59 T IE 
and D 136 o f  r a c e  6 , o n ly  D 73 was f i n a l l y  u sed  in  t e s t i n g  th e  
h y b r id  m a t e r i a l .
The r i c e  s e e d l in g s  were grown i n  g a lv a n iz e d  i r o n  f l a t s  
(16" x 20") c o n ta in in g  a  m ix tu re  o f  r i v e r  s i l t  and s a n d .  About 20 
s e e d l in g s  o f  each  v a r i e t y  o r  F^ l i n e  in v o lv e d  were sown in  e i t h e r  
one o r  two row s, th u s  sowing 5-10 l i n e s  in  each  f l a t .  At any one 
p l a n t i n g  t im e ,  a maximum o f  58 l i n e s  and w i th  th e  two p a r e n t s  were 
sown in  6  f l a t s .  The s e e d l in g s  w ere to p - d r e s s e d  w i th  a  com ple te  
f e r t i l i z e r  4 -5  days b e f o r e  th ey  w ere ready  f o r  i n o c u l a t i o n .  The 
s e e d l in g s  w ere  i n o c u la te d  w i th  s p o re s  o f  P i r i c u l a r i a  o ry z a e  when 
th e y  had re a c h e d  th e  second l e a f  s t a g e .  P r i o r  to  i n o c u l a t i o n  w a te r  
was sp ra y ed  on th e  p l a n t s  and th e  le a v e s  were rubbed  w i th  w et 
f i n g e r s  to  remove th e  waxy s u r f a c e .  This  was found to  he lp  in  
r e t a i n i n g  th e  inoculum  in  a f i n e  m i s t  on th e  l e a v e s .  When th e  
s e e d l in g s  were sp ray ed  w i th o u t  ru b b in g ,  f r e e  m o is tu re  formed on th e  
le a v e s  in  l a r g e  d r o p l e t s .
In  o r d e r  to  in c r e a s e  th e  e f f e c t i v e n e s s  o f  th e  i n o c u l a t i o n s ,  th e  
w e t t i n g  and a d h e s iv e  a g e n ts  s u g g e s te d  by Anderson and Henry (2) were  
u s e d .  Two and a  h a l f  grams o f  g e l a t i n  (a d h e s iv e  a g e n t)  and 0 .5  grams
o f  sodium o l e a t e  ( w e t t in g  ag en t)  were d i s s o lv e d  i n  1 0 0 0  m l ,  o f  
d i s t i l l e d  w a te r  and k e p t  as  a s to c k  s o l u t i o n .
The s p o re s  w ere h a r v e s te d  from th e  r i c e  p o l i s h - a g a r  p l a t e s  
by add ing  a  few drops  o f  th e  sodium o l e a t e - g e l a t i n  s o l u t i o n  and 
s c r a p in g  th e  u p p e r  s u r f a c e  w i th  a  b e n t  f l a t  n e e d le .  S u f f i c i e n t  
o f  th e  sodium o l e a t e - g e l a t i n  s o l u t i o n  was added and th e  m ix tu re  
was s t i r r e d  f o r  30 seconds in  a w ar in g  b le n d e r  to  p roduce  a un ifo rm  
c o n i d i a l  s u s p e n s io n .  Spore c o n c e n t r a t i o n  in  th e  r e s u l t i n g  s u s ­
p e n s io n  was d e te rm in ed  b e f o r e  i n o c u l a t i n g  th e  p l a n t s  by exam ining 
a drop o r  two under  th e  m ic ro sco p e .
Two o r  t h r e e  p e t r i  d i s h . : c u l tu r e s  were  used  f o r  every  100 m l.  
o f  sodium o l e a t e - g e l a t i n  s o l u t i o n .  One hundred m l.  o f  t h i s  
c o n i d i a l  su sp e n s io n  was sp ray ed  on every  two f l a t s  o f  s e e d l i n g s .
The s e e d l in g s  were in o c u la te d  w i th  a  s p r a y e r  a t t a c h e d  to  a com­
p r e s s o r  o r  w i th  a hand s p r a y e r .  The in o c u la te d  s e e d l in g s  were 
p la c e d  i n s i d e  a  chamber f o r  a t  l e a s t  24 h o u rs ,  w here th e  hum id ity  
was m a in ta in e d  a t  1007.. To e n su re  a g a i n s t  e s c a p e s ,  th e  i n o c u la t i o n  
was r e p e a te d  a  seco n d , and o c c a s io n a l l y  a  t h i r d ,  tim e 24-48 hours  
a f t e r  th e  f i r s t  i n o c u l a t i o n .
The h u m id ity  chamber c o n s i s t e d  o f  a p l a s t i c  cover  su p p o r te d  
by a wooden fram e ov e r  a deep wooden bench  in  th e  g reen  h o u se .
The bo ttom  o f  t h e  bench  was a l s o  p ro v id e d  w i th  a p l a s t i c  s h e e t  to  
a l lo w  s ta n d in g  w a te r  to  a  d e p th  o f  2 in c h e s .  Under normal tem pera­
t u r e  c o n d i t io n s  no s p e c i a l  equipm ent f o r  r a i s i n g  th e  h u m id ity  was 
u se d ,  s in c e  th e  r e q u i r e d  h u m id ity  was ach iev ed  by c lo s i n g  th e  chamber
a i r - t i g h t .  The p l a n t s  w ere  k e p t  cov ered  w i th  f r e e  m o is tu re  th ro u g h ­
o u t  th e  p e r io d  i n s i d e  th e  chamber by s p ra y in g  w i t h  w a te r  a t  f r e q u e n t  
i n t e r v a l s .
F l a t s  o f  in o c u la te d  s e e d l in g s  were u s u a l l y  l e f t  i n s i d e  th e  
hum id ity  chamber f o r  8 - 1 0  d a y s ,  a f t e r  w hich th ey  were moved to  an 
open bench .
I n  s c o r in g  th e  r e a c t i o n  o f  th e  s e e d l in g s  to  th e  b l a s t  i n f e c ­
t i o n ,  th e  l e s i o n  ty p e s  w ere  c o n s id e re d  a s  c r i t e r i a .  S ix  l e s i o n  
ty p e s  were r e c o g n iz e d  and adop ted  in  th e  p r e s e n t  s tu d y .  These 
l e s i o n  c l a s s e s  were  numbered 0 , 1 ,  2, 3, 4 and 5 and a r e  d e sc r ib e d  
in  T ab le  3.
L es io n  ty p es  0 ,  1 , 2 , and 3 a r e  c o n s id e re d  a s  r e p r e s e n t i n g  
r e s i s t a n t  r e a c t i o n , w h i l e  l e s i o n  ty p es  4 and 5 a r e  c o n s id e re d  as 
i n d i c a t i n g  s u s c e p t i b l e  r e a c t i o n .
T ab le  3 . D e s c r ip t i o n s  o f  th e  S ix  L e s io n  Types Which Were Adopted
in  C l a s s i f y i n g  P l a n t s  o f  th e  V a r i e t i e s  and Hybrid P o p u la t io n s .
L e s io n  Type D egree o f  I n f e c t i o n D e s c r ip t io n  o f  I n f e c t i o n
Type 0 
Type 1
Type 2
Type 3
Type 4
Type 5
Immune
H igh ly  r e s i s t a n t  
R e s i s t a n t
M o d era te ly  r e s i s t a n t  
S u s c e p t i b l e  
H igh ly  s u s c e p t i b l e
No v i s i b l e  s ig n  o f  i n f e c t i o n .
L ig h t  b row nish  p in p o in t  f l e c k s  
on th e  l e a v e s .
Brownish specks  d a rk e r  in  c o lo r  
and l a r g e r  i n  number.
Small b row nish  l e s i o n s  w i th  
g rey  c e n t e r ,  n o t  d e v e lo p in g  
f u r t h e r .
E l l i p t i c a l  d a rk  brown l e s i o n s  
w i th  e n la r g in g  g r e y i s h  w h ite  
c e n t e r ,  te n d in g  to  c o a le s c e .
L arge  l e s i o n s ,  r a p i d l y  e x ten d in g  
and f r e q u e n t ly  c a u s in g  e a r l y  
d e a th  o f  th e  e n t i r e  l e a f .
RESULTS
1 .  P r e l im in a r y  t e s t s  w i th  16 v a r i e t i e s  and s t r a i n s  o f  known
r e a c t i o n  to  r a c e s  1  and 6 .
The f i r s t  experim en t was c a r r i e d  o u t  to  ev o lv e  s u i t a b l e  t e c h ­
n iq u e s  f o r  o b t a in in g  r e l i a b l e  r e s u l t s  from i n f e c t i o n  o f  b l a s t  d e se a se  
on r i c e  s e e d l i n g s .  S ix te e n  v a r i e t i e s  and s t r a i n s  w i th  known r e ­
a c t i o n s  to  r a c e s  1  and 6  w ere  in c lu d e d  in  t h e s e  p r e l im in a r y  t e s t s .
I n  th e  f i r s t  t e s t ,  c a r r i e d  o u t  d u r in g  A p r i l ,  1962, s e e d l in g s  
in  f l a t s  w ere  in o c u la te d  in  th e  3rd  l e a f  s t a g e  and k e p t  in  th e  h igh  
h um id ity  chamber f o r  12 h o u r s .  An e l e c t r i c a l l y  o p e ra te d  a to m iz e r
was used  to  m a in ta in  h ig h  h u m id ity  i n s id e  th e  chamber. Only m oderate
i n f e c t i o n  d eve loped  and s e v e r a l  p l a n t s  escaped  i n f e c t i o n .  A lso ,  a 
p a r t  o f  th e  young s e e d l in g s  were damaged by steam  from th e  a to m iz e r .  
Because o f  t h e s e  c o m p l ic a t io n s  th e  f i r s t  t e s t  was n o t  c o n s id e re d  
s u c c e s s f u l  and re a d in g s  on r e a c t i o n  o f  th e  v a r i e t i e s  to  b l a s t  were 
n o t  ta k e n .
I n  th e  second t e s t ,  conducted  in  May, 1962, th e  s e e d l in g s  were 
in o c u la te d  i n  th e  second l e a f  s t a g e .  Two i n o c u la t i o n s  were made w i th  
a 24 hour i n t e r v a l  b e tw een . I n  t h i s  t e s t  th e  a to m iz e r  was n o t  u se d .  
I n s t e a d ,  1 -2  in ch es  o f  s ta n d in g  w a te r  was k e p t  i n  th e  bo ttom  o f  th e  
chamber and i t  was c lo s e d  a i r  t i g h t  to  o b ta in  1007. h u m id i ty .  A t h i n  
f i lm  o f  f r e e  m o is tu re  was th u s  o b ta in e d  on th e  le a v e s  f o r  ab o u t 1 2  
hours  to  e n a b le  th e  sp o re s  to  g e rm in a te  and e s t a b l i s h  i n f e c t i o n .
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Undue r i s e  i n  t e m p e ra tu re ,  p a r t i c u l a r l y  d u r in g  b r i g h t  sunny d a y s ,  
was p r e v e n te d  by f r e q u e n t ly  open ing  th e  chamber and s p ra y in g  w a te r  
on th e  s e e d l i n g s .  The f l a t s  were k e p t  in  th e  chamber f o r  more than  
fo u r  d a y s .
Heavy i n f e c t i o n  was o b ta in e d  t h i s  t im e ; however, a  few escapes  
were o b se rv ed  10 days a f t e r  th e  2nd i n o c u l a t i o n .  Hence, th e  s e e d l in g s  
were i n o c u la te d  a 3rd tim e in  th e  3 rd  l e a f  s t a g e  and k e p t  i n s i d e  th e  
cham ber. A s a t i s f a c t o r y  i n f e c t i o n  was ob se rv ed  fo l lo w in g  th e  3rd 
i n o c u l a t i o n  and th e  s e e d l in g s  were c l a s s i f i e d  one week a f t e r w a r d .
The f i n a l  r e a c t i o n s  n o te d  in  t h i s  t e s t  a r e  p r e s e n te d  in  t a b l e s  4 and 
5 f o r  r a c e s  1 and 6 , r e s p e c t i v e l y .  I n  b o th  o f  th e s e  t a b l e s  p l a n t s ,  
c l a s s i f i e d  under l e s i o n  ty p es  0 to  3 were c o n s id e re d  as r e s i s t a n t  
w h i le  p l a n t s  w i th  l e s i o n  ty p e s  4 and 5 were c o n s id e re d  a s  s u s c e p t i b l e .
D a ta  p r e s e n te d  in  t a b l e  4 show t h a t  th e  r e a c t i o n s  o f  13 o u t  o f  
th e  16 v a r i e t i e s  and s t r a i n s  to  r a c e  1  were i d e n t i c a l  w i th  t h e i r  
p r e v io u s ly  known r e a c t i o n s .  R e s u l t s  w i th  th e  o th e r  t h r e e  v a r i e t i e s ,  
namely F o r tu n a ,  N ir a  and s t r a i n  1 , w ere  n o t  i n  f u l l  agreem ent w i th  
t h e i r  p r e v io u s ly  r e p o r t e d  r e a c t i o n s .  F o r tu n a  and N ira  had been  r e ­
p o r t e d  to  be  s u s c e p t i b l e  and s t r a i n  1  to  be r e s i s t a n t  to  r a c e  1 .
However, i n  th e  t e s t  conducted  h e re  b o th  r e s i s t a n t  and s u s c e p t i b l e  
p l a n t s  o c c u r re d  i n  each  o f  t h e s e  v a r i e t i e s .  Thus, th e  c l a s s i f i c a t i o n  
o f  th e s e  t h r e e  was in c o n c lu s iv e  and u n c e r t a i n .
I t  may a l s o  be  seen  from t a b l e  4 t h a t  a  s i n g l e  r e s i s t a n t  p l a n t  
o c c u r re d  i n  each  o f  th e  s u s c e p t i b l e  v a r i e t i e s  Rexoro and s t r a i n  1709.
T h e se ,  r e s i s t a n t  p l a n t s  w ere  c o n s id e re d  a s  r e p r e s e n t i n g  m ech an ica l m ix tu r e s .
C o n s id e r in g  th e  v a r i e t a l  r e a c t i o n  to  r a c e  6 , i t  may be seen  from 
t a b l e  5 ,  t h a t  13 o u t  o f  16 v a r i e t i e s  and s t r a i n s  t e s t e d  showed r e ­
a c t i o n s  w hich a r e  in  com ple te  agreem ent w i th  t h a t  p r e v io u s ly  r e p o r t e d .  
In  t h i s  s e r i e s ,  a g a in ,  t h e r e  w ere t h r e e  e x c e p t io n s ,  namely B lu eb o n n e t ,  
F o r tu n a  and B t r a in  1 .  A l l  t h r e e  had been  r e p o r t e d  to  be s u s c e p t i b l e  
b u t  were found to  c o n ta in  b o th  r e s i s t a n t  and s u s c e p t i b l e  s e e d l in g s  
in  th e  p r e s e n t  s t u d i e s .  T h e ir  r e a c t i o n  was in c o n c l u s iv e .  The s i n g l e  
r e s i s t a n t  p l a n t  ob serv ed  in  C alo ro  and in  Cl 9418 a r e  c o n s id e re d  h e r e ,  
a l s o ,  as m echan ica l  m ix tu r e s .
From th e s e  r e s u l t s  i t  may be concluded  t h a t ,  over a l l ,  th e  t e c h ­
n iq u e s  used  in  th e  p r e s e n t  s t u d i e s  a r e  r e a s o n a b ly  r e l i a b l e .  I n  26 
o f  th e  32 c a s e s  t e s t e d ,  th e  p r e s e n t  r e s u l t s  were i n  com plete  a g re e ­
ment w i th  th o s e  r e p o r t e d  by o th e r  w o rk e rs .  In  th e  6  e x c e p t io n s ,  b o th  
r e s i s t a n t  and s u s c e p t i b l e  p l a n t s  were found in  v a r i e t i e s  in v o lv e d .
Four o f  th e  s i x  c a s e s  in v o lv e d  th e  v a r i e t i e s  F o r tu n a  and s t r a i n  1 .
In  no c a se  d id  a v a r i e t y  o r  s t r a i n  r e a c t  in  th e  p r e s e n t  s tu d ie s  i n  a
co m p le te ly  c o n t r a d i c t  manner to  t h a t  r e p o r te d  by o th e r  w o rk e rs .  Con­
s e q u e n t ly ,  i t  i s  f e l t  t h a t  th e  d isag reem en t w i th  p r e v io u s ly  r e p o r te d  
r e s u l t s  i s  n o t  o f  a s e r io u s  n a t u r e .
I t  may a l s o  be  m entioned  t h a t  o c c a s i o n a l l y  r e s i s t a n t  type  o f  
l e s i o n s  1 ,  2 ,  and 3 were o b serv ed  a lo n g  w i th  s u s c e p t i b l e  l e s i o n  ty p es
4 and 3 on th e  same l e a f  b l a d e .  Such p l a n t s  were  c l a s s i f i e d  on th e
b a s i s  o f  th e  h i g h e s t  l e s i o n  ty p e  and were d e s ig n a te d  s u s c e p t i b l e .  In  
some c a s e s  seco n d ary  i n f e c t i o n  developed  on new le a v e s  a  week a f t e r  
i n o c u l a t i o n ,  e s p e c i a l l y  in  s u s c e p t i b l e  p l a n t s .
Table 4 .  A Comparison o f  the P resen t and P rev io u s ly  Known R eaction s
o f  16 V a r ie t ie s  and S tra in s  to  Race 1 o f  P ir ic u la r ia  o ry za e .
V a r ie ty  o r  
S t r a i n 0
L e s io n  Typ
R e s i s t a n t  
1 2  3
es
Suscep­
t i b l e  
4 5
P r e s e n t
R ea c t io n
P r e v io u s ly
R ep o r ted
R e a c t io n *
C olusa 17 1 R R
C aloro 19 R R
Mo. R-500 6 1 0 R R
PI 201902 18 R R
Blue Rose S e l e c t i o n 16 1 R R
B luebonnet 9 9 S S
Rexoro 1 9 8 S S
G u lf ro se 4 13 S S
Z e n i th 6 14 S S
PI 180061 13 8 S S
S t r a i n  1709 1 1 2 4 S S
S t r a i n  Cl 9418 13 7 S S
S t r a i n  5088 6 13 S S
F o r tu n a 3 5 7 3 I S
N ira 3 3 3 7 I S
S t r a i n  1 4 1 1 5 2 I R
%
R «= R e s i s t a n t
S * S u s c e p t i b l e
I  « I n c o n c lu s iv e  r e a c t i o n
S t r a i n  1 “  Rec 13 X long  g r a i n  dwarf
*Based on u n p u b l is h e d  p ap e r  by J .  G. A tk in s  and N. £ .  Jodon e n t i t l e d  
"A spec ts  o f  B reed in g  R ice  f o r  R e s i s t a n c e  to  D is e a s e s ,  P a r t i c u l a r l y  
B l a s t  ( P i r i c u l a r i a  o ry z a e ) . 11
Table 5 . A Comparison o f  the P resen t and P rev io u s ly  Known R eactions
o f  16 V a r ie t ie s  and S tra in s  to  Race 6 .
V a r ie ty  o r  
S t r a i n 0
L es ion
R e s i s t a n t  
1  2
Typ
3
es
Suscep­
t i b l e  
4 5
P r e s e n t
R ea c t io n
P r e v io u s ly
Known
R eac tio n *
Mo. R 500 17 R R %
G u lf r o s e 13 3 R R
Z e n i th 2 0 R R
N ira 17 3 1 R R '
P I  180061 1 2 1 6 R R
P I  201902 17 3 R R
B lu e  Rose S e l e c t i o n 3 3 9 5 R R
S t r a i n  1709 1 2 4 R R
S t r a i n  5088 15 4 2 R R
C olusa 1 1 9 S S
C alo ro 1 17 S S
Rexoro 1 0 8 S S
S t r a i n  Cl 9418 1 1 0 7 S S
B lu eb o n n e t 8 4 4 I S
F o r tu n a 6 4 8 I S
S t r a i n  1 5 9 5 I S
R ** R e s i s t a n t  
S ■ S u s c e p t ib le  
1 » I n c o n c lu s iv e
S t r a i n  1 -  Rec 13 X long  g r a in  dwarf
*Based on u n p u b l ish e d  p ap e r  by J .  G. A tk in s  and N. E. Jodon e n t i t l e d
"A spec ts  o f  B re ed in g  R ice  f o r  R e s i s t a n c e  to  D is e a s e s ,  P a r t i c u l a r l y  B la s t  
( P i r i c u l a r i a  o ry zae )
2. R e a c t io n  o f  th e  P a re n t  S t r a i n s  1709 and Cl 9418 to  Races
1 , 6 ,  8 , and 16 .
The v a r i e t i e s  and s t r a i n s  l i s t e d  e a r l i e r  i n  t a b l e s  4 and 5 
in c lu d e d  th e  p a r e n t s  o£ th e  h y b r id s  used  in  s t u d i e s  o f  i n h e r i t a n c e  
o f  r e a c t i o n  to  s e v e r a l  r a c e s  o f  b l a s t .  These p a r e n t  s t r a i n s  a r e  
1709 and Cl 9418. I t  may b e  seen  from t a b l e  4 t h a t  b o th  o f  th e  
p a r e n t s  w ere  s u s c e p t i b l e  to  r a c e  1 .  C o n se q u e n t ly ,  i n h e r i t a n c e  o f  
r e s i s t a n c e  to  t h i s  r a c e  c o u ld  n o t  be  i n v e s t i g a t e d .  On th e  c o n t r a r y ,  
th e  p a r e n t s  d i f f e r e d  fo r  r e a c t i o n  to  r a c e  6 , a s  o b serv ed  in  t a b l e  5 .
The d a ta  show t h a t  s t r a i n  1709 i s  r e s i s t a n t  w h i le  Cl 9418 i s  s u s ­
c e p t i b l e .
In  a  l a t e r  e x p e r im e n t ,  the  r e a c t i o n s  o f  th e  p a r e n t  s t r a i n s  1709 
and Cl 9418 to  r a c e s  8  and 16 were d e te rm in e d ,  i n  a d d i t i o n  to  th e  
r a c e s  1 and 6  a l r e a d y  t e s t e d .  The r e a c t i o n  o f  th e  p a r e n t  s t r a i n s  to  
r a c e s  1 , 6 , 8  and 16 a re  p r e s e n te d  in  t a b l e  6 .
I t  may be seen  from t a b l e  6 . t h a t  s t r a i n  1709 was r e s i s t a n t  to  
r a c e s  6 , 8 , and 16 b u t  s u s c e p t i b l e  to  r a c e  1 . The o th e r  p a r e n t ,
Cl 9418, showed s u s c e p t i b i l i t y  u n ifo rm ly  to  a l l  4 r a c e s .  Thus, i t  
i s  seen  t h a t  th e  two p a r e n t s  d i f f e r e d  i n  t h e i r  r e a c t i o n  to  t h r e e  o u t  
o f  th e  fo u r  r a c e s  t e s t e d .  In  a l l  c a s e s ,  1709 was r e s i s t a n t  and Cl 9418 
was s u s c e p t i b l e .  T h is  ev id en ce  p r o v id e s  a  b a s i s  f o r  s tu d y in g  i n h e r i t ­
an ce  o f  r e a c t i o n  to  th e  t h r e e  r a c e s  6 , 8 , and 16 in  th e  c r o s s  o f  1709 
w i th  Cl 9418.
In  o r d e r  to  i n v e s t i g a t e  th e  p o s s i b l e  so u rc e  o f  th e  b l a s t  r e ­
s i s t a n c e  p r e s e n t  i n  s t r a i n  1709, th e  r e a c t i o n s  o f  t h r e e  o t h e r  v a r i e t i e s
known to  be  r e s i s t a n t  to  b l a s t ,  namely Z e n i th ,  N i r a ,  and L a c ro s s e ,  
w ere  d e te rm in e d  in  t h i s  s tu d y .
The r e s u l t s  fu r n i s h e d  i n  t a b l e  6  show t h a t  Z e n i th  was r e s i s t a n t
to  r a c e s  6  and 8 , b u t  s u s c e p t i b l e  to  r a c e  1 ,  l i k e  1709. I t  however,
d i f f e r e d  a p p r e c ia b ly  from 1709 w i th  r e s p e c t  to  i t s  r e a c t i o n  to  r a c e  16 . 
On Z e n i th ,  th e  i n f e c t i o n  was more s e v e re  than  on 1709 b u t  d id  n o t  
ap p ro ach  any o f  th e  s u s c e p t i b l e  l e s i o n  t y p e s .  I f  th e  r e a c t i o n s  o f  
1709 and Cl 9418 a r e  c o n s id e re d  as  r e s i s t a n t  and S u s c e p t i b l e ,  r e ­
s p e c t i v e l y ,  th en  Z e n i th  ap p ea rs  to  be  m o d e ra te ly  r e s i s t a n t  to  r a c e  16 .
L ik e  1709 and Z e n i th ,  N ira  was r e s i s t a n t  to  r a c e s  6  and 8 ,
b u t  i t  d i f f e r e d  from 1709 in  i t s  r e a c t i o n  to  r a c e  16. B ecause o f  i t s
r e a c t i o n  s i m i l a r  to  Z e n i th ,  N ira  was c l a s s i f i e d  a s  m o d e ra te ly  r e s i s t a n t .  
I t s  r e a c t i o n  to  r a c e  1 was in c o n c lu s iv e  due to  th e  o c c u r re n c e  o f  b o th  
s u s c e p t i b l e  and r e s i s t a n t  p l a n t s .
L a c ro s s e  was t e s t e d  o n ly  f o r  r e a c t i o n  to  r a c e  6 . I t  d id  n o t  
show e i t h e r  t y p i c a l  r e s i s t a n t  o r  s u s c e p t i b l e  l e s i o n s .  Dark b row nish  
f l e c k s  dev e lo p ed  on th e  4 th  day a f t e r  i n o c u l a t i o n ,  which q u ic k ly  
e n la r g e d ,  r e s u l t i n g  i n  s l i g h t  d i s c o l o r a t i o n  o f  th e  l e a v e s .  The r e a c t i o n  
o f  L a c ro s se  a l s o  w as, t h e r e f o r e ,  r e g a rd e d  as  m o d e ra te ly  r e s i s t a n t .
The r e a c t i o n  o f  Z e n i th ,  N ira  and L a c ro s se  to  th e s e  r a c e s  gave a  
p o s s i b l e  c lu e  to  th e  so u rc e  o f  r e s i s t a n c e  o f  th e  1709 s t r a i n .  Th is  
w i l l  be d e a l t  w i th  i n  d e t a i l  under d i s c u s s i o n .
T ab le  6 . R e a c t io n  o f  1709, Cl 9418, Z e n i th ,  N ira  
and L a c ro s se  to  D i f f e r e n t  Races o f  B l a s t .
V a r ie ty  o r R e a c t io n to Race
S t r a i n 1 6 8 16
S t r a i n  1709 S R R R
S t r a i n  Cl 9418 S S S S
Z e n i th S R R MR
N ira I R R MR
L a c ro s se - MR
R =■ R e s i s t a n t  
S » S u s c e p t ib le  
I  ■ In c o n c lu s iv e  r e a c t i o n  
MR ■ M odera te ly  r e s i s t a n t
3 .  R e a c t io n  o f  F ^ , F 2 , and F 3  P o p u la t io n s  from th e  C ross  1709 X
Cl 9418 to  Race 6 .
The h y b r id  m a te r i a l  o f  th e  c r o s s  1709 X Cl 9418 was t e s t e d  in  
th e  F ^ , F 2 , and F3  g e n e r a t i o n s .  The f i r s t  m a t e r i a l  to  be t e s t e d  
c o n s i s t e d  o f  56 Fg l i n e s ,  which w ere  i n o c u la te d  w i th  r a c e  6  on 
June  14 , 1962. S u r p r i s i n g l y ,  no i n f e c t i o n  developed  d e s p i t e  th e  
e a r l i e r  su c c e ss  w i th  th e  te c h n iq u e  on v a r i e t i e s .  A m ic ro sc o p ic  exam­
i n a t i o n  o f  mounts from th e  c u l t u r e s  o f  th e  fungus r e v e a le d  th e  p r e ­
sence  o f  ve ry  few s p o r e s .  S p o r u la t io n  in  l a t e r  c u l t u r e s  o f  th e  fungus 
was found to  b e  ex trem ely  p o o r ,  a l th o u g h  th e r e  was abundant grow th o f  
m ycelium . I t  was found , s u b s e q u e n t ly ,  t h a t  h ig h  te m p e ra tu re  in  June 
i n h i b i t e d  s p o r u l a t i o n  o f  th e  fu n g u s .  Due to  h ig h  room te m p e ra tu re s  
i n  J u n e ,  J u ly  and August th e  i n o c u l a t i o n  t e s t s  were suspended and 
were resumed i n  O ctober a f t e r  making c e r t a i n  t h a t  c o n d i t io n s  were 
f a v o r a b le  f o r  s p o r u l a t i o n .
The F]_, F 2 , and F 3  p o p u la t io n s  were t e s t e d  f o r  t h e i r  r e a c t i o n  
to  r a c e  6  d u r in g  th e  months o f  O c tober  and November. Symptoms o f  
b l a s t  d ev e lo p ed  on s e e d l in g s  o f  th e  p a r e n t s  and th e  h y b r id  p o p u la t io n s  
in  ab o u t f i v e  days a f t e r  i n o c u l a t i o n  and th e  f i n a l  c l a s s i f i c a t i o n  f o r  
l e s i o n  types  was made in  abou t 10 d a y s .  The acc u ra cy  o f  c l a s s i f i c a ­
t i o n  was m easured m ain ly  by th e  r e a c t i o n  o f  th e  p a r e n t  s t r a i n s  1709 
and Cl 9418.
The ob se rv ed  r e a c t i o n s  o f  th e  p a r e n t s ,  fo u r  Fj  ^ and 6 6  F 2  p l a n t s  
a r e  fu r n i s h e d  i n  t a b l e  7.
I t  may be  seen  from t h i s  t a b l e  t h a t  th e  r e s i s t a n t  p a r e n t  
s t r a i n ,  1709, showed i n f e c t i o n  o f  l e s i o n  ty p e  1 in  a  m a jo r i ty  o f  
th e  p l a n t s .  A few p l a n t s  w i th  l e s i o n  types  2 and 3 a l s o  o c c u r re d .
The p l a n t s  o f  th e  s u s c e p t i b l e  p a r e n t ,  Cl 9418, showed l e s i o n  types  
4 and 5 ,  b u t  a m a jo r i t y  o f  th e  p l a n t s  had th e  form er l e s i o n  ty p e .
The few p l a n t s  t h a t  showed l e s i o n  ty p e  5 w ere n o t ,  however, c o m p le te ly  
k i l l e d .  The s i n g l e  p l a n t  t h a t  had l e s i o n  ty p e  3 ( r e s i s t a n t  c l a s s )  i s  
q u e s t i o n a b l e .  T h is  p l a n t  was assumed to  be  a  m echan ica l m ix tu r e .  I t  
sh o u ld  a l s o  b e  m en tioned  t h a t  C l 9418 showed n o t  o n ly  l e a f  b la d e  i n ­
f e c t i o n  b u t  a l s o  i n f e c t i o n  on l i g u l e ,  l e a f  s h e a th  and l e a f  m arg in .  
T h e r e f o r e ,  in  c l a s s i f y i n g  th e  h y b r id  p l a n t s  th e s e  f e a t u r e s  were a l s o  
ta k e n  i n to  a c c o u n t .  .
The r e a c t i o n  o f  th e  fo u r  F^- p l a n t s  was s i m i l a r  to  th e  r e s i s t a n t  
p a r e n t  1709, showing l e s i o n  ty p e  1 .  Th is  i n d i c a t e s  t h a t  th e  b l a s t  
r e s i s t a n c e  o f  p a r e n t  s t r a i n  1709 i s  dominant to  s u s c e p t i b i l i t y  in  
t h i s  c r o s s .
A t o t a l  o f  6 6  F^ p l a n t s  were t e s t e d .  The F2  d a ta  p r e s e n te d  in  
t a b l e  7  show a co n tin u o u s  s e g r e g a t io n  c o v e r in g  the  com ple te  ran g e  o f  
th e  p a r e n t s ,  i . e . ,  l e s i o n  ty p e s  1 to  5 .  However, d e s p i t e  th e  con­
t in u o u s  n a tu r e  o f  th e  F  ^ i t  d id  n o t  show a normal d i s t r i b u t i o n .
T here  was a tendency  f o r  th e  F 2  to  form a bim odal d i s t r i b u t i o n ,  w i th  
modes in  th e  1 and 4 l e s i o n  c l a s s e s .  Based on th e  pe rfo rm ance  o f  
th e  p a r e n t s ,  t h e  F 2  p l a n t s  w ere  d iv id e d  i n to  two main c l a s s e s .  One 
o f  them in c lu d e d  th e  l e s i o n  ty p e s  1 ,  2 , and 3 ,  c o r re sp o n d in g  w i th  
t h e  r e a c t i o n  o f  th e  1709 p a r e n t  and was d e s ig n a te d  a s  r e s i s t a n t .  The
second  c l a s s  in c lu d e d  p l a n t s  o f  l e s i o n  ty p es  4 and 5 ,  c o r re sp o n d in g  
with** th e  r e a c t i o n  o f  th e  Cl 9418 p a r e n t  and was d e s ig n a te d  as s u s ­
c e p t i b l e .
A p e r u s a l  o f  th e  d a ta  shows a  r a t i o  o f  47 r e s i s t a n t  to  
19 s u s c e p t i b l e  p l a n t s .  The r a t i o  shows a  good f i t  to  3 r e s i s t a n t :
1 s u s c e p t i b l e ,  w i th  a p r o b a b i l i t y  o f  0 .7 0 - 0 .5 0 .  The number o f
r e s i s t a n t  and s u s c e p t i b l e  p l a n t s  a l s o  shows a good f i t  to  a  r a t i o  
o f  9 : 7 ,  w i th  a p r o b a b i l i t y  o f  0 .3 0 .  S in c e  th e  F 2  d a ta  f i t  b o th  3:1 
and 9 :7  r a t i o s ,  i t  was n o t  p o s s i b l e  to  d e te rm in e  from i t  w he ther  
one o r  two genes w ere in v o lv e d .  However, the  c l o s e r  f i t  to  a 3 :1  
r a t i o  su g g es te d  t h a t  th e  p a r e n t s  d i f f e r e d  by o n ly  one p a i r  o f  g e n e s .
Comparable to  F 2  d a t a ,  th e  r e a c t i o n s  o f  th e  F^ f a m i l i e s  were  
a l s o  s e p a r a te d  i n to  2 c l a s s e s .  P la n t s  w i th  l e s i o n  types  0 ,  1 ,  2, 
and 3 were c l a s s e d  a s  r e s i s t a n t  and p l a n t s  w i th  l e s i o n  ty p e s  4 and 
5 a s  s u s c e p t i b l e .  A p e r u s a l  o f  th e  d a t a  p r e s e n te d  in  t a b l e  8  shows 
t h a t  th e  135 f a m i l i e s  can be b ro u g h t  under  th e  fo l lo w in g  f i v e  g ro u p s .
1 . T w enty -n ine  f a m i l i e s  i n  which a l l  p l a n t s  were r e s i s t a n t .
2 . T hree  f a m i l i e s  in  w hich  a l l  p l a n t s  w ere  r e s i s t a n t  ex ce p t  
a  s i n g l e  p l a n t  in  e a c h .
3 . T h i r t y  e i g h t  f a m i l i e s  in  w hich  a l l  p l a n t s  were s u s c e p t i b l e .
4 .  Two f a m i l i e s  i n  which a l l  p l a n t s  were s u s c e p t i b l e  e x c e p t  f o r  ' 
one o r  two r e s i s t a n t  p l a n t s .
5 .  S ix ty  t h r e e  f a m i l i e s  i n  which s e v e r a l  p l a n t s  a r e  r e s i s t a n t  
and s e v e r a l  p l a n t s  a r e  s u s c e p t i b l e .
The f i r s t  and second groups w ere  s i m i l a r  in  b e h a v io r .  These two groups
o f  f a m i l i e s  w ere  combined and c o n s id e re d  as homozygous r e s i s t a n t .
The t h i r d  and f o u r th  g ro u p s ,  h av ing  o n ly  o r  a lm o s t  e n t i r e l y  s u s ­
c e p t i b l e  p l a n t s ,  were combined and c o n s id e re d  as  homozygous s u s ­
c e p t i b l e .  The f i f t h  g ro u p , h av in g  s e v e r a l  r e s i s t a n t  and s e v e r a l  
s u s c e p t i b l e  p l a n t s ,  w ere  c o n s id e re d  as  h e te ro z y g o u s .  T h is  l e d  to  
th e  c o n c lu s io n  th a t  32 f a m i l i e s  w ere  homozygous r e s i s t a n t ,  63 f a m i l ie s ,  
w ere  s e g r e g a t in g  and 40 f a m i l i e s  were homozygous s u s c e p t i b l e .  This  
r a t i o  o f  3 2 :6 3 :4 0  i s  a good f i t  to  a r a t i o  o f  1  homozygous r e s i s t a n t :
2  s e g r e g a t in g :  1  homozygous s u s c e p t i b l e  w i th  a  p r o b a b i l i t y  o f  
0 .5 0 - 0 .3 0 .  Though th e  homozygous s u s c e p t i b l e  c l a s s  i s  s l i g h t l y  in  
ex ce ss  and homozygous r e s i s t a n t  and h e te ro zy g o u s  c l a s s e s  a r e  s l i g h t l y  
d e f i c i e n t ,  t h e  d e v ia t io n  i s  p ro b a b ly  due to  c h an ce .  Thus th e  r e ­
a c t i o n  o f  f a m i l i e s  confirm ed  th e  assu m p tio n  t h a t  a s i n g l e  gene f o r  
r e s i s t a n c e  to  r a c e  6  i s  in v o lv e d  in  t h i s  c r o s s .
As p o in te d  o u t  e a r l i e r ,  t h r e e  F 3  f a m i l i e s ,  90 , 91 ,  and 124, 
w hich  w ere c o n s id e re d  to  be  homozygous r e s i s t a n t ,  c o n ta in e d  one s u s ­
c e p t i b l e  p l a n t  each . S in ce  ex trem e c a r e  was used  in  h a r v e s t i n g  and 
th r e s h in g  th e  F£ p l a n t s ,  i t  i s  n o t  p ro b a b le  t h a t  th e s e  s u s c e p t i b l e  
p l a n t s  r e s u l t e d  from m echan ica l m ix tu r e .  The most p ro b a b le  ex p lan a ­
t i o n  f o r  them i s  th e  p re s e n c e  o f  m o d ify ing  genes from th e  s u s c e p t i b l e  
Cl 9418 p a r e n t .  I t  i s  assumed t h a t  th e s e  s u s c e p t i b l e  p l a n t s  w ere  
homozygous f o r  th e  m a jo r  gene f o r  r e s i s t a n c e  from 1709 b u t  showed a  
s u s c e p t i b l e  r e a c t i o n  b eca u se  o f  th e  p re s e n c e  o f  m inor g e n e s ,  d e r iv e d  
from Cl 9418, which m o d if ie d  th e  e f f e c t  o f  th e  m ajor g ene .
S i m i l a r l y  m odify ing  genes p ro b a b ly  acco u n t f o r  th e  o c c u r re n c e  o f  
one o r  two r e s i s t a n t  p l a n t s  in  f a m i l i e s  36 and 64 , w hich were assumed
t o  be  homozygous s u s c e p t i b l e  f o r  th e  m ajor gene.
The a ssum ption  o f  m o d ify in g  genes w i l l  a l s o  acco u n t f o r  th e  
f a c t  t h a t  in  f i v e  f a m i l i e s ,  20, 22, 24, 113 and 130, th e  number o f  
s u s c e p t i b l e  p l a n t s  exceeded  th e  number r e s i s t a n t .  Some o f  th e  s u s ­
c e p t i b l e  p l a n t s  in  th e s e  f a m i l i e s  p ro b a b ly  c o n ta in e d  th e  m ajor gene 
f o r  r e s i s t a n c e  b u t  were in f lu e n c e d  in  t h e i r  r e a c t i o n  by m o d i f ie r s  
a l s o  p r e s e n t .
From th e  above r e s u l t s  i t  may be concluded  t h a t  th e  r e s i s t a n c e  
to  r a c e  6  in  p a r e n t  1709 i s  governed by a s i n g l e  dominant m ajo r gene 
w i th  a m o d i f i e r  gene o r  genes i n f l u e n c in g  th e  r e s i s t a n c e .
I t  may a l s o  be p o in te d  o u t  t h a t  p l a n t s  more s u s c e p t i b l e  than  
th e  s u s c e p t i b l e  p a r e n t  w ere  ob se rv ed  in  th e  F 2  and F^ p o p u la t i o n s .
The d a ta  p r e s e n te d  in  t a b l e  7 show t h a t  fo u r  F^ p l a n t s  w i th  l e s i o n  
type  5 were c o m p le te ly  k i l l e d  w h i le  th e  t h r e e  p l a n t s  o f  th e  s u s c e p t i b l  
p a r e n t  w i th  l e s i o n  type  5 were n o t  k i l l e d .  In  co n fo rm ity  w i th  th e  F 2  
o b s e r v a t i o n s ,  s e v e r a l  homozygous s u s c e p t i b l e  F^ f a m i l i e s  were o bserved  
in  w hich a l l  p l a n t s  were k i l l e d .  In  f a m i l i e s  73, 74 and 8 8 , a l l  p l a n t  
w i th  l e s i o n  ty p e  5 were k i l l e d .  These o b s e r v a t io n s  a r e  i n d i c a t i v e  o f  
a p o s s i b l e  gene i n t e r a c t i o n  in v o lv in g  m o d i f ie r  genes c o n t r ib u te d  by 
th e  r e s i s t a n t  p a r e n t .
T able 7 . R eaction  o f  P arents F and F9 P op u lation  to Race 6 .
1 * •
P o p u la t io n
Number o f  P l a n t s  W ith 
Types
L es io n D iseased
R*
C lass
s**
T o ta l0  1 2 3 4 5 (0+1+2+3) (4+5)
1709 1 1 3 2 16 16
Cl 9418 1 14 3 1 17 18
Fi 4 4 4
F 2
25 9 13 15 4 47*** 19*** 6 6
*  » R e s i s t a n t
** ** S u s c e p t ib le
*** » P r o b a b i l i t y  3 :1  -  0 .7 0  -  0 .5 0
9 :7  -  0 .3 0
Table 8 . R eaction  o£ P arents and 135 F F a m ilies  From the Cross
1709 X Cl 9418 to  Race 6 . 3
P a r e n t s  and 
F 3  L in e s
Number o f  P l a n t s  W ith L e s io n  
Types
D is e a s e
. R
C la sse s
S
Genot’0  1 2 3 4 5 (0+1+2+3) (4+5)
1709 1 1 3 2 16
Cl 9418 1 14 3 1 17
6 19 19 HR
13 2 0 2 2 2 HR
19 19 1 2 0 HR
25 2 1 1 1 23 HR
26 15 4 2 2 1 HR
29 16 4 2 0 HR
31 18 1 19 HR
33 9 1 2 1 2 2 HR
34 18 4 2 2 HR
39 8 5 13 HR
57 17 3 1 2 1 HR
60 14 6 2 0 HR
90 17 3 1 2 0 1 HR
91 18 1 18 1 HR
93 15 6 2 1 HR
95 16 :L- 4 2 0 HR
97 15 2 3 2 0 HR
99 2 0 1 2 1 HR
1 0 2 16 1 17 HR
109 2 0 2 0 HR
1 1 1 15 4 19 HR
1 1 2 1 0 1 5 16 HR
114 1 2 2 5 19 HR
115 13 2 6 2 1 HR
119 17 4 2 1 HR
123 1 0 9 2 2 1 HR
124 13 1 6 1 2 0 1 HR
133 14 1 2 17 HR
137 8 > 5 13 HR
142 1 0 5 4 19 HR
143 17 2 19 HR
144 6 9 3 18 HR
2 14 5 1 14 6 H
4 14 3 1 14 4 H
7 1 2 5 5 17 5 H
9 15 1 4 1  . 16 5 H
1 0 1 0 2 1 4 2 13 6 H
15 15 2 3 15 5 H
16 15 5 15 5 H
Table 8 . (Continued)
Number o f  P l a n t s  W ith  L es io n  D is e a s e  C la s s e s
P arents and Types_____________ R__________ S
F o L in es 0  1 2 3 4 5 (0+1+2+3) (4+5) . Genot
2 1 16 3 2 16 5 H
27 13 7 1 13 8 H
28 14 1 5 15 5 H
30 13 7 13 7 H
32 14 5 3 14 8 H
35 2 5 5 6 2 1 2 8 H
40 14 1 1 4 2 16 6 H
41 17 3 2 17 5 H
42 15 1 3 2 16 5 H
43 7 2 1 5 3 1 0 8 H
48 1 0 1 4 1 1 4 H
50 1 2 3 3 2 15 5 H
52 15 3 4 15 7 H
61 1 0 6 4 1 16 5 H
6 8 7 3 5 4 1 15 5 H
69 9 3 1 7 1 2 8 H
70 3 4 7 2 4 14 7 H
71 5 6 2 3 1 13 4 H
72 1 1 2 2 2 5 15 7 H
76 5 8 2 2 13 4 H
77 8 3 2 6 1 1 8 H
79 5 3 4 1 8 5 H
80 14 1 3 1 3 18 4 H
81 8 3 8 3 H
82 1 1 1 4 5 2 16 7 H
83 1 2 2 2 3 3 16 6 H
8 6 17 2 4 17 6 H
92 1 0 3 4 1 0 7 ° H
96 13 1 1 2 5 15 7 H
98 6 6 2 8 1 2 1 0 H
1 0 1 1 0 3 5 1 13 6 H
103 1 0 3 5 3 13 8 H
105 1 2 3 2 3 15 5 H
106 8 4 2 4 1 2 6 H
108 1 1 1 4 4 1 2 8 H
117 15 1 2 2 16 4 H
1 2 0 7 1 1 5 8 6 H
1 2 1 7 1 4 4 1 2 4 H
1 2 2 9 2 7 1 3 18 4 H
126 1 1 1 3 3 1 15 4 H
127 1 13 2 2 14 4 H
128 13 2 5 15 5 H
Table 8 » (Continued)
Number o f  P l a n t s  W ith L e s io n  D ise a se  C la s se s
P a r e n t s  and 
F 3  L in e s
Types R S
Genot;0  1 2 3 4 5 (0+1+2+3) (4+5)
129 9 2 2 4 13 4 H
131 1 1 1 4 1 2 4 H
132 1 0 1 4 2 1 1 6 H
135 3 1 3 4 2 7 6 H
139 6 4 2 2 1 0 4 H
1A1 1 5 7 2 2 13 . 4 H
146 1 2 2 2 4 1 16 5 H
2 0 1 0 7 5 1 0 1 2 H
2 2 6 2 5 5 8 1 0 H
24 8 1 3 9 9 1 2 H
55 6 3 2 8 3 1 1 1 1 H
104 1 0 4 6 1 0 1 0 H
113 7 3 1 1 1 1 0 1 2 H
130 1 4 4 1 0 9 1 0 H
1 8 1 1 19 HS
5 1 1 1 0 2 1 HS
8 1 2 8 2 0 HS
14 14 8 2 2 HS
17 6 13 19 HS
18 9 1 1 2 0 HS
23 1 0 1 0 2 0 HS
36 1 1 2 9 1 2 1 HS
38 9 6 15 HS
44 2 0 1 2 1 HS
45 9 1 2 2 1 HS
47 8 1 2 2 0 HS
49 5 16 2 1 HS
51 1 2 9 2 1 HS
56 1 0 4 14 HS
62 1 2 6 18 HS
63 6 13 19 HS
64 2 7 9 2 16 HS
67 1 2 0 2 1 HS
73 19 19 HS
74 2 1 2 1 HS
75 4 17 2 1 HS
78 1 1 9 2 0 HS
84 1 2 0 2 1 HS
85 7 1 1 18 HS
87 19 19 HS
8 8 2 2 2 2 HS
89 5 14 19 HS
Table 8 . (Continued)
P a r e n ts  and 
F 3  L in es
Number o f  P l a n t s  With 
Types.
L es io n D is e a s e  C la sse s  
R S
Genotype0 1 2 3 4 5 (0+1+2+3) (4+5)
94 2 13 15 HS
1 0 0 3 16 19 HS
107 1 0 1 0 2 0 HS
1 1 0 5 16 2 1 HS
116 2 18 2 0 HS
118 1 0 9 19 HS
125 2 0 2 0 HS
134 15 4 19 HS
136 17 3 2 0 HS
138 1 2 6 18 HS
140 1 0 6 16 HS
145 1 2 4 16 HS
HR = Homozygous r e s i s t a n t  
HS » Homozygous s u s c e p t i b l e  
H ■ H eterozygous 
R « R e s i s t a n t  
S * S u s c e p t ib le
4 . R eaction  o f  S e le c te d  L ines to Races 8 and 16 .
A f t e r  t e s t i n g  w i th  r a c e  6  t h e r e  was s u f f i c i e n t  seed  o f  some 
f a m i l i e s  f o r  f u r t h e r  t e s t s .  S in ce  th e  p a r e n t  s t r a i n s  1709 and 
C l 9418 d i f f e r e d  a l s o  f o r  t h e i r  r e a c t i o n  to  r a c e s  8  and 16 ( t a b l e  6 ) ,  
l i n e s  o f  known r e a c t i o n  to  r a c e  6  were t e s t e d  f o r  th e s e  r a c e s .
S e e d l in g s  from 14 F^ f a m i l i e s  homozygous r e s i s t a n t  to  r a c e  6 ,
18 s e g r e g a t in g  f a m i l i e s ,  and 18 homozygous s u s c e p t i b l e  F3  f a m i l i e s  
and th e  two p a r e n t s  were in o c u la te d  w i th  r a c e  8 . The d a ta  showing 
th e  r e a c t i o n  o f  th e  50 F 3  l i n e s  to  r a c e  8  i n  com parison  w i th  t h e i r  
r e a c t i o n  to  r a c e  6  a r e  p r e s e n te d  in  t a b l e  9 .
I t  i s  e v id e n t  from t h i s  t a b l e ,  t h a t  th e  r e a c t i o n  o f  th e  p a r e n t s  
to  r a c e  8  i s  in  agreem ent w i th  t h e i r  r e a c t i o n  to  r a c e  6 . The 1709 
p a r e n t  was r e s i s t a n t  to  b o th  r a c e s  w h i le  Cl 9418 was s u s c e p t i b l e  
to  b o th .
The f i r s t  group o f  14 F^ f a m i l i e s ,  which were homozygous r e ­
s i s t a n t  to  r a c e  6 , c o n ta in e d  o n ly  p l a n t s  which were r e s i s t a n t  to  
r a c e  8  w i th  th e  e x c e p t io n  o f  two f a m i l i e s ,  29 and 102, w hich had one 
s u s c e p t i b l e  p l a n t  i n  e ach .  C o n seq u en tly ,  t h e s e  14 F^ f a m i l i e s  were 
c o n s id e re d  a l s o  to  be  homozygous f o r  r e s i s t a n c e  to  r a c e  8 .
The second group o f  18 f a m i l i e s  t h a t  s e g r e g a te d  f o r  r e a c t i o n  
t o  r a c e  6  a l s o  underw ent s e g r e g a t io n  f o r  r e a c t i o n  to  r a c e  8 , showing 
a p p ro x im a te ly  3 /4  r e s i s t a n t  and 1 /4  s u s c e p t i b l e  a s  ex p ec ted  i f  th e  
p a r e n t s  d i f f e r e d  by one gene p a i r .  However, in  t h i s  g ro u p , fa m ily  
70 i s  an  e x c e p t io n .  In  t h i s  fa m ily  t h e r e  were 6  r e s i s t a n t  and 7 
s u s c e p t i b l e  p l a n t s .
I n  th e  t h i r d  group o f  18 f a m i l i e s  t h a t  were homozygous s u s ­
c e p t i b l e  to  r a c e  6 , f i f t e e n  f a m i l i e s  showed a l l  s u s c e p t i b l e  p l a n t s .
I n  two a d d i t i o n a l  f a m i l i e s ,  namely 8  and 107, a l l  p l a n t s  were 
s u s c e p t i b l e  e x c e p t  f o r  a  s i n g l e  r e s i s t a n t  p l a n t  i n  e ac h .  Thus,
17 o f  th e  18 f a m i l i e s  w hich were homozygous f o r  s u s c e p t i b i l i t y  to  
r a c e  6  co u ld  a l s o  be  c o n s id e re d  d e f i n i t e l y  homozygous f o r  su sc e p ­
t i b i l i t y  to  r a c e  8 . I n  t h e  o th e r  f a m ily ,  23, t h e r e  were 14 s u s ­
c e p t i b l e  and fo u r  r e s i s t a n t  p l a n t s  o u t  o f  a t o t a l  o f  18 . The 
p ro p e r  c l a s s i f i c a t i o n  o f  t h i s  fa m ily  f o r  r e a c t i o n  to  r a c e  8  i s  
u n c e r t a i n .  I t  would n o t  n o rm a lly  be  c o n s id e re d  to  be s e g r e g a t in g  
b e c a u s e  o f  t h e  predom inance o f  s u s c e p t i b l e  p l a n t s .
Thus, i t  seems in  g e n e r a l  t h a t  th e  r e a c t i o n  o f  th e  50 in d iv id u a l  
f a m i l i e s  was th e  same to  b o th  r a c e s .  These r e s u l t s  t h e r e f o r e  
i n d i c a t e  t h a t  a s i n g l e  gene in  1709 c o n d i t io n s  r e s i s t a n c e  to  b o th  
r a c e s  6  and 8 .
The o c c u r re n c e  o f  a few s u s c e p t i b l e  p l a n t s  in  a p p a r e n t ly  
homozygous r e s i s t a n t  l i n e s  and a few r e s i s t a n t  p l a n t s  in  a p p a r e n t ly  
homozygous s u s c e p t i b l e  l i n e s  can ,  as  was su g g es te d  f o r  r e a c t i o n  to  
r a c e  6 , be  e x p la in e d  b e s t  by assum ing th e  p re s e n c e  o f  m inor genes 
w hich  m odify th e  e x p re s s io n  o f  th e  m ajor p a i r  o f  g e n e s .  I f  we assume 
th e  p re s e n c e  o f  m o d i f i e r  g e n es ,  i t  i s  p ro b a b le  t h a t  th e  s u s c e p t i b l e  
p l a n t s  in  a homozygous r e s i s t a n t  l i n e  w ere homozygous f o r  th e  m ajor 
gene b u t  showed s u s c e p t i b l e  r e a c t i o n  due to  th e  p re s e n c e  o f  m inor 
genes  from th e  Cl 9418 p a r e n t .  S i m i l a r l y ,  m o d i f ie r  genes  from 1709 
would a l s o  a c c o u n t  f o r  th e  o c c u r re n c e  o f  r e s i s t a n t  p l a n t s  in  a  
homozygous s u s c e p t i b l e  fa m ily .
The two f a m i l i e s ,  29 and 102, w hich had one p l a n t  in  each  t h a t  
was s u s c e p t i b l e  to  r a c e  8  were b o th  c o m p le te ly  r e s i s t a n t  to  r a c e  6 . 
F u r t h e r  m ore , f a m i l i e s  8 , 23 and 107, w i th  a few p l a n t s  in  each  
showing r e s i s t a n c e  to  r a c e  8 , had been  c o m p le te ly  s u s c e p t i b l e  to  
r a c e  6 , T hus , i t  a p p e a rs  p ro b a b le  t h a t  th e  s e t  o f  m o d i f i e r s  w hich 
seemed to  in f l u e n c e  r e a c t i o n  o f  th e  m ajor gene to  r a c e  8  was d i f ­
f e r e n t  from th e  s e t  t h a t  in f lu e n c e d  r e a c t i o n  o f  th e  same m a jo r  gene 
p a i r  to  r a c e  6 .
The same s e t  o f  50 s e l e c t e d  F^ l i n e s  t e s t e d  f o r  r e a c t i o n  to  
r a c e  8 , p lu s  t h r e e  m ore, were a l s o  t e s t e d  w i th  r a c e  16, The d a ta  
a r e  p r e s e n te d  in  t a b l e  10, The r e s u l t s  show t h a t  o u t  o f  15 f a m i l i e s  
t h a t  were homozygous r e s i s t a n t  f o r  r a c e  6 , t e n  f a m i l i e s  had a l l  
r e s i s t a n t  p l a n t s  f o r  r a c e  16, Four o f  th e  o t h e r . f i v e  f a m i l i e s ,  
namely 9 ,  9 5 ,  97 , and 102 had two o r  t h r e e  s u s c e p t i b l e  p l a n t s  e ach .  
T hese  f a m i l i e s  would be  n o rm a lly  c l a s s i f i e d  as s e g r e g a t i n g .  However, 
t h e r e  i s  a  p o s s i b i l i t y  t h a t  a p a r t  o r  a l l  o f  th e s e  fo u r  f a m i l i e s  were  
homozygous r e s i s t a n t  f o r  a m ajo r gene , w i th  th e  s u s c e p t i b l e  p l a n t s  
c au sed  by m o d i f i e r s .  The o th e r  f a m i ly ,  93 , showed a  somewhat 
p e c u l i a r  b e h a v io r .  T here  were 13 s u s c e p t i b l e  and f i v e  r e s i s t a n t  
p l a n t s .  The geno type  o f  t h i s  l i n e  i s ,  t h e r e f o r e ,  d i f f i c u l t  to  
d e te rm in e .
In  th e  second group o f  21 f a m i l i e s ,  which had been c l a s s i f i e d  
a s  s e g r e g a t in g  f o r  r a c e  6 , b o th  r e s i s t a n t  and s u s c e p t i b l e  p l a n t s  
o c c u r r e d .  However, l i n e  16, though , i t  co u ld  be  s e g r e g a t i n g ,  had 
o n ly  one r e s i s t a n t  p l a n t .  As p e r  th e  c l a s s i f i c a t i o n  used  f o r  r a c e s  6
and 8 , t h i s  would be  c o n s id e re d  a s  homozygous r e s i s t a n t .
Out o f  th e  17 f a m i l i e s  w hich had been  c l a s s i f i e d  as  homozygous 
s u s c e p t i b l e  to  r a c e  6 , 1 2  f a m i l i e s  c o n ta in e d  a l l  s u s c e p t i b l e  p l a n t s ,  
which i n d i c a t e s  t h a t  th ey  were a l s o  homozygous s u s c e p t i b l e  to  r a c e . 16. 
F iv e  f a m i l i e s ,  20, 38, 44 ,  63 , and 8 8 , had o n ly  one o r  two r e s i s ­
t a n t  p l a n t s  and w ere a l s o  re g a rd e d  as homozygous s u s c e p t i b l e .  Thus 
16 o u t  o f  th e  17 f a m i l i e s  showed s i m i l a r  r e a c t i o n  f o r  r a c e s  6  and
16. One f a m i ly ,  87, which had 11 s u s c e p t i b l e  and 6  r e s i s t a n t  p l a n t s  
co u ld  h o t  be  re g a rd e d  as homozygous s u s c e p t i b l e  due to  th e  o c c u r re n c e  
o f  l a r g e  number o f  r e s i s t a n t  p l a n t s .  I t s  b e h a v io r  does n o t  f i t  i n  
to  any c l a s s  t h a t  would n o rm a lly  be c l a s s i f i e d  as homozygous s u s ­
c e p t i b l e  o r  s e g r e g a t i n g .  Thus th e  r e a c t i o n  o f  t h i s  l i n e  i s  u n c e r t a i n .
C o n s id e r in g  th e  r e a c t i o n  o f  a l l  o f  th e  53 f a m i l i e s  t o g e t h e r ,  i t  
may b e  ob serv ed  t h a t  46 o f  th e  f a m i l i e s  showed r e a so n a b ly  c lo s e  a g re e ­
ment in  r e a c t i o n  to  r a c e s  6  and 16. The la c k  o f  agreem ent i n  th e  
o th e r  seven f a m i l i e s  c an n o t be  a cco u n ted  f o r  in  any l o g i c a l  manner 
by assum ing a  d i f f e r e n t  m ajo r gene f o r  r e a c t i o n  to  r a c e  16. T h e re fo re  
th e  r e s u l t s  can b e s t  be  e x p la in e d  by assum ing t h a t  r e s i s t a n c e  to  
r a c e  16 i s  governed  by th e  same m ajo r gene as t h a t  f o r  r a c e  6 , b u t  
th e  r e a c t i o n  to  r a c e  16 seems to  have been  in f lu e n c e d  more s t r o n g l y  
by m o d i f i e r s .
I t  may b e  concluded  from th e s e  r e s u l t s  t h a t ,  b a s i c a l l y ,  one 
m ajo r  dom inant gene governs  th e  r e a c t i o n  to  r a c e s  6 , 8  and 16 . But 
th e  r e a c t i o n  o f  each  r a c e  i s  in f lu e n c e d  by d i f f e r e n t  s e t s  o f  m o d i f ie r  
g e n e s .
Table 9 . R eaction  o f  S e le c te d  F3 L ines to Race 8 in  Comparison With
T heir R eaction  to  Race 6 .
Number o f  P l a n t s  W ith  L e s io n  D is e a s e  C la s s e s  Genotype
P a re n ts  o r  _______________Types______________  R S For
F j  L ine________0____ 1 2 3 4 5 (0+1+24*3) (4+5) Race 8
Group I .  Homozygous r e s i s t a n t  to  r a c e  6
S t r a i n  1709 14 2 1 17
Cl 9418 1 1 2 13
6 17 1  - 18 HR
25 19 19 HR
26 19 19 HR
29 17 1 17 1 HP,
31 19 19 HR
33 2 1 2 1 HR
34 2 2 2 2 HR
60 19 1 2 0 HR
91 14 2 16 HR
93 1 2 1 13 HR
95 4 1 5 HR
99 1 2 4 16 HR
1 0 2 1 2 1 1 2 1 HR
1 1 1 18 18 HR
Group I I . S e g re g a t in g fo r r e a c t i o n  to r a c e  6
7 9 1 3 1 0 3 H
9 1 0 2 1 5 1 13 6 H
15 6 7 2 4 • 15 4 . H
16 1 0 5 1  • 4 16 4 H
2 1 1 1 1 2 3 3 14 6 H
28 14* 3 1 2 2 18 4 H
40 8 5 3 3 13 6- H '
50 15 2 3 1 17 4 H
70 3 3 1 6 6 7 . H
71 5 4 8 4 17 4 H
80 1 0 4 4 14 4 H
83 8 1 4 9 4 H
8 6 1 1 5 1 3 16 3 H
96 13 2 1 3 15 4 H
98 1 2 1 6 1 2 7 H
106 8 7 5 .15 5 H
1 2 1 1 0 2 4 1 1 2 6 H
1 2 2 1 1 5 2 4 16 6 H
Table 9 .  (Continued)
P a r e n t s  o r  
F 3  L in e
Number o f  P l a n t s  W ith L es io n  
Types . ........
D ise a se  C la s s e s  
R S
Genotype 
f o r  
Race 80 1 2 3 4 5 (04-1+2+3) (4+5)
Group I I I .  Homozygous susc: e p t ib l e  to  r a c e 6
5 19 19 HS
8 1 15 2 1 17 HS
18 19 19 HS
2 2 7 7 14 HS
23 1 4 1 1 2 5 13
36 17 17 HS
74 2 0 2 0 HS
75 1 2 4 16 HS
8 8 2 1 2 1 HS
1 0 0 1 16 17 HS
107 1 1 1 1 1 1 HS
116 1 2 5 17 HS
HR « Homozygous r e s i s t a n t  
HS = Homozygous s u s c e p t i b l e  
H ** H eterozygous 
R « R e s i s t a n t  
S « S u s c e p t ib le
T able 10 . R eaction  o f  S e le c ted  Homozygous and S egregatin g  L ines
to  Race 16 in  Comparison w ith  T heir R eaction  to  Race 6 .
Number o f  P la n ts  With L esion  D isea se  C la sses  Genotype
P a r e n ts  o r Types R S fo r
F ,  L in e 0  1 2 3 4 5 (0+1+2+3) (4+5) Race !
Group I . Homozygous r e s i s t a n t to  r a c e 6
1709 17 2 19
Cl 9418 16 16
6 3 16 19 HR
25 14 6 2 0 HR
26 2 16 1 19 HR
29 2 2 2 2 HR
31 2 0 2 2 2 . HR
33 15 3 18 HR
34 1 17 4 2 2 HR
60 1 2 5 17 HR
91 13 5 1 1 18 2 HR
93 1 4 4 9 5 13
95 2 8 2 1 0 2 HR
97 9 8 2 17 2 HR
99 1 17 18 HR
1 0 2 4 2 3 6 3 HR
1 1 1 18' 3 2 1 HR
Group I I . Segregating ; f o r  r e a c t i o n  to ra c e  6
7 7 4 3 3 14 3 H
9 6 7 4 2 17 2 H
15 9 4 8 13 8 H
16 2 15 3 1 2 0 1 H
2 1 1 0 1 1 8 1 2 9 H
28 2 1 0 3 2 5 15 7 H
40 1 8 3 1 6 1 2 7 H
50 17 1 3 18 3 H
70 1 0 5 5 15 5 H
71 5 6 2 5 13 5 H
80 2 9 4 4 15 4 H
83 2 1 2 2 2 3 16 5 H
8 6 3 9 1 3 1 13 4 H
92 4 3 2 7 2 H
96 2 8 5 3 15 , 3 H
98 13 3 1 4 16 5 H
1 0 1 • 7 8 1 2 16 2 H
105 6 6 2 8 1 2 1 0 H
C P/
Table 1 0 . (Continued)
P a r e n t s  o r  
F-j L in e
Number o f P la n t s  W ith L e s io n  
Types
D ise a se  C la s s e s  
R S
Genotype 
f o r  
Race 160  1 2 3 4 5 (0+1+2+3) (4+5)
106 5 10 5 15 5 H
1 2 1 1 5 6 2 1 2 2 H
1 2 2 5 7 5 3 1 2 8 H
Group I I I . HomozvROUR s u s c e p t i b l e  to  r a c e 6
8 19 19 HS
18 2 1 2 1 HS
2 0 2 17 2 17 HS
23 1 18 19 HS
36 1 2 0 2 1 HS
38 1  1 1 2 2 1 2 HS
44 1 16 1 16 HS
45 1 17 18 HS
49 18 18 HS
51 1 1 0 1 1 HS
63 2 16 2 16 HS
74 2 0 2 1 HS
75 18 18 HS
87 6  5 6 6 1 1
8 8 2  1 17 2 18 HS
1 0 0 2 17 19 HS
107 2 15 17 HS
HR “  Homozygous r e s i s t a n t  
HS « Homozygous s u s c e p t i b l e  
H ® Heterozygous 
R ■ R e s i s t a n t  
S ® S u s c e p t ib le
DISCUSSION
S tu d ie s  r e p o r t e d  in  t h i s  d i s s e r t a t i o n  have i n d i c a t e d  t h a t  
i n  th e  c r o s s  betw een s t r a i n  1709 and Cl 9418, a s i n g l e  m ajor dominant 
gene in  1709 was e f f e c t i v e  in  p ro v id in g  r e s i s t a n c e  to  r a c e s  6 , 8  
and 16 o f  P. o r y z a e . I t  was a l s o  e v id e n t  t h a t  s e v e r a l  m o d i f ie r  
genes in f lu e n c e d  th e  e f f e c t  o f  t h e  m ajo r gene .
I n h e r i t a n c e  o f  b l a s t  r e s i s t a n c e  was i n v e s t i g a t e d  by s e v e r a l  
w orkers  in  th e  p a s t  ( 6 , 14, 18, 21, 38, 39, 44 , 55 , 59 , 6 1 ) .  Most 
o f  them o b serv ed  t h a t  r e s i s t a n c e  to  b l a s t  i s  governed by one , two 
o r  th r e e  p a i r s  o f  dominant g e n es .  O c c a s io n a l ly  b l a s t  r e s i s t a n c e  was 
a l s o  r e p o r t e d  to  be r e c e s s i v e  ( 6 1 ) .  Only a few w orkers  have a l l o t e d  
symbols to  th e  genes f o r  r e s i s t a n c e  and no s y s te m a t ic  p ro c e d u re  
was fo l lo w ed  in  such  s y m b o l iz a t io n .  Okada e t  a l .  (N agai 38) 
p o s t u l a t e d  t h r e e  dominant genes w i th  a d d i t i v e  e f f e c t s  f o r  r e s i s t a n c e  
to  b l a s t  d i s e a s e  and they  d e s ig n a te d  them as R ^, R2  and Rg. Oka 
e t  a l . (44) ob serv ed  one dominant gene which governed r e s i s t a n c e  
f o r  b l a s t  in  a c ro s s  betw een i n d ie a  and ja p o n ic a  r i c e  v a r i e t i e s .  The 
gene was a s s ig n e d  th e  symbol B t .  J a p a n e se  w orkers  o b se rv ed  t h a t  
r e s i s t a n c e  o f  c e r t a i n  new Ja p a n e se  v a r i e t i e s  i s  due, to  a s i n g l e  
dom inant gene w hich they  c a l l e d  P i  ( 2 1 ) .  Thus t h e r e  i s  a d i v e r s i t y  
in  gene s y m b o l iz a t io n  f o r  b l a s t  r e s i s t a n c e .  The I n t e r n a t i o n a l  
R ice  Commission in  1959 recommended a l i s t  o f  gene symbols f o r  r i c e .
I n  t h i s  l i s t ,  th e  symbol recommended f o r  genes g o v e rn in g  r e s i s t a n c e  
to  P i r i c u l a r i a  o ryzae  i s  " P i " ,  The m ajor gene d e t e c t e d  in  th e  
p r e s e n t  s tu d y  in  s t r a i n  1 7 0 9 '■is, th e re fo re - ,  p r o v i s i o n a l l y  d e s ig ­
n a te d  as I t  i s  n o t  known w he ther  th e  P i^  c a r r i e d  by 1709
and th e  P i  r e f e r r e d  to  by J a p a n e se  w orkers  a r e  th e  same o r  a r e  
d i f f e r e n t .  Th is  w i l l  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .
The r e s u l t s  o b ta in e d  by o th e r  w orkers  in  th e  p a s t  w ere  b ased  
on s t u d i e s  c a r r i e d  o u t  under n a t u r a l  i n f e c t i o n  in  th e  f i e l d  o r  
u n d e r  g reen  house c o n d i t io n s  in v o lv in g  th e  u se  o f  i s o l a t e s  o f  th e  
fungus whose i d e n t i t y  as  p h y s io lo g ic  r a c e s  had n o t  been  d e te rm in e d .
I t  ap p ea rs  t h e r e f o r e ,  t h a t  th e  r e s u l t s  o f  th e  p r e s e n t  s tu d y  p ro v id e
th e  f i r s t  in fo rm a t io n  on i n h e r i t a n c e  o f  r e s i s t a n c e  to  in d iv id u a l✓
r a c e s  o f  r i c e  b l a s t .
The p r e s e n t  s tu d y  a l s o  p ro v id e s  in fo r m a t io n  (1) t h a t  th e  
i n h e r i t a n c e  o f  r e s i s t a n c e  to  in d iv id u a l  r a c e s  o f  b l a s t  i s  p ro b a b ly  
m onogenic , ( 2 ) t h a t  a s i n g l e  gene may govern  r e s i s t a n c e  to  more 
th a n  one r a c e  and (3) t h a t  m o d i f ie r  genes have c o n s id e r a b le  i n f lu e n c e  
on th e  e x p re s s io n  o f  b l a s t  r e s i s t a n c e  to  in d iv id u a l  r a c e s .
An e f f e c t i v e  b re e d in g  program f o r  developm ent o f  b l a s t  r e s i s ­
t a n t  s t r a i n s  o f  r i c e  r e q u i r e s  in fo rm a t io n  on a v a i l a b l e  so u rc e s  o f  
r e s i s t a n t  g e n es .  Knowledge o f  th e  so u rc e  o f  th e  gene "P i^ "  c a r r i e d  
by 1709 sh o u ld  be  o f  v a l u e .  The p e d ig re e  o f  1709 shows t h a t  i t  was 
d e r iv e d  th ro u g h  h y b r i d i z a t i o n  in v o lv in g  R exoro , L a c ro s s e ,  M agnolia  
and re d  r i c e .  Rexoro and M agnolia  a r e  known to  be  s u s c e p t i b l e  to  
r a c e  6  from th e  s tu d ie s  o f  o t h e r  w o rk e rs .  I n  th e  p r e s e n t  s t u d i e s
L a c ro s s e  was m o d e ra te ly  r e s i s t a n t  to  t h i s  r a c e .  T h e r e f o r e ,  i t  
seems p ro b a b le  t h a t  none o f  th e s e  v a r i e t i e s  c o n t r i b u t e d  th e  gene 
" P i"  to  s t r a i n  1709. I t  i s  known from p re v io u s  work t h a t  Z e n i th  
and N ira  a r e  r e s i s t a n t  to  r a c e  6 . However, th e  p r e s e n t  s t u d i e s  
have  shown t h a t  Z e n i th  and N i r a ,  though r e s i s t a n t  to  r a c e s  6  and 
8 , d i f f e r e d  a p p r e c ia b ly  from 1709ew i th  r e s p e c t  to  t h e i r  r e a c t i o n  
to  r a c e  16 , b e in g  o n ly  m o d e ra te ly  r e s i s t a n t .  Thus i t  i s  u n l i k e l y
t h a t  Z e n i th  o r  N ira  c o n t r ib u te d  th e  gene fo r  r e s i s t a n c e .  The
s o u rc e  o f  r e s i s t a n c e  in  1709 i s  th u s  u n c e r t a i n .
Success  i n  b re e d in g  d i s e a s e  r e s i s t a n t  v a r i e t i e s  i s  dependen t
on th e  p ro d u c t io n  o f  v a r i e t i e s  t h a t  a r e  o th e rw is e  a g ro n o m ic a l ly
s u i t a b l e  a l s o .  I n  t h i s  r e s p e c t ,  i t  i s  i n t e r e s t i n g  to  n o te  t h a t
1709, b e s id e s  b e in g  r e s i s t a n t  to  a t  l e a s t  t h r e e  r a c e s  o f  b l a s t ,
♦
p o s s e s s e s  s e v e r a l  d e s i r a b l e  c h a r a c t e r i s t i c s ,  su ch  a s  e a r l y  m a tu r i t y  
( 1 0 0  d a y s ) ,  s h o r t  p l a n t  h e i g h t ,  lo n g  g r a i n ,  e a sy  th r e s h in g  and 
good q u a l i t y .  T h e re fo re ,  i t  i s  e v id e n t  t h a t  1709 sh o u ld  p rove  to
b e  a u s e f u l  p a r e n t  in  f u t u r e  b l a s t  b re e d in g  p rog ram s.
The f a c t  t h a t  one gene governs  r e s i s t a n c e  to  s e v e r a l  r a c e s  i s  
im p o r ta n t  in  b r e e d in g  f o r  b l a s t  r e s i s t a n c e .  I t  sh o u ld  be  r e l a t i v e l y  
s im p le  to  t r a n s f e r  r e s i s t a n c e  to  commercial v a r i e t i e s  when i t  i s  
c o n t r o l l e d  by a s i n g l e  dominant gene a s  in  1709. However, th e  
o c c u r ra n c e  o f  some s u s c e p t i b l e  p l a n t s  in  a p p a r e n t ly  homozygous 
r e s i s t a n t  l i n e s  i n  th e s e  s t u d i e s  i n d i c a t e s  t h a t  m inor genes have 
c o n s id e r a b le  e f f e c t  on th e  e x p re s s io n  o f  b l a s t  r e s i s t a n c e .  The 
tendency  f o r  th e  d i s tu r b a n c e  o f  s e g r e g a t io n  w i th in  and among some
F^ f a m i l i e s  may make i t  somewhat d i f f i c u l t  to  i s o l a t e  homozygous 
r e s i s t a n t  t y p e s .  However, progeny t e s t i n g  in  F 3  and su b seq u en t  
g e n e r a t io n s  and i s o l a t i n g  d e s i r e d  homozygous types  f o r  m ajor and 
m inor genes sh o u ld  p ro v e  e f f e c t i v e .
A lthough  th e  b a c k c ro s s  method i s  b e in g  in c r e a s i n g l y  employed 
i n  b re e d in g  b l a s t  r e s i s t a n t  r i c e  v a r i e t i e s  in Jap an , th e  p e d ig re e  
method m ight be  more d e s i r a b l e ,  p a r t i c u l a r l y  when th e  r e s i s t a n t  
p a r e n t  i s  a g ro n o m ic a l ly  s u i t a b l e  and when r e s i s t a n c e  i s  p a r t i a l l y  
in f lu e n c e d  by m o d i f ie r  g e n es .
The r e s u l t s  o f  th e  p r e s e n t  s t u d i e s  a l s o  i n d i c a t e d  t h a t  s im p le  
and in e x p e n s iv e  g re e n  house t e s t s  may be  s u c c e s s f u l l y  used  to
( f V
e l i m i n a t e  s u s c e p t i b l e  l i n e s  in  th e  e a r l y  s e g r e g a t in g  g e n e r a t i o n s .  
Where th e  r e s i s t a n c e  in  th e  s e e d l in g  s t a g e  c o rre sp o n d s  w i th  r e ­
s i s t a n c e  to  n e c k - r o t  th e  b re e d in g  problem  w i l l  be f u r t h e r  s i m p l i f i e d .
SUMMARY
The h y b r id  m a t e r i a l  o f  th e  c r o s s  o f  s t r a i n  1709 X Cl 9418 
was t e s t e d  f o r  r e a c t i o n  to  r a c e  6  in  F p  F 2 , and F3  g e n e r a t i o n s .  
S e le c t e d  homozygous and h e te ro zy g o u s  f a m i l i e s  whose r e a c t i o n  to  
r a c e  6  had been  d e te rm in e d ,  w ere  a l s o  t e s t e d  w i th  r a c e s  8  and 16.
The t e s t s  were perfo rm ed  d u r in g  th e  s p r in g  and f a l l  o f  1962 
i n  th e  g reen  house .
P r e l im in a r y  t e s t s  w i th  16 v a r i e t i e s  and s t r a i n s  f o r  r e a c t i o n  
to  r a c e s  1  and 6  showed good agreem ent w i th  th o s e  r e p o r t e d  by 
p re v io u s  w o rk e rs ,  ex cep t  fo r  two o r  t h r e e  v a r i e t i e s  whose r e a c t i o n s  
w ere in c o n c l u s iv e .  Thus th e  te c h n iq u e s  used in  the  p r e s e n t  s tu d y  
were re a so n a b ly  r e l i a b l e .
The two p a r e n t  . s t r a i n s  d i f f e r e d  in  t h e i r  r e a c t i o n  to  r a c e s  6 ,
8  and 16, w i th  s t r a i n  1709 r e s i s t a n t  and Cl 9418 s u s c e p t i b l e  to  a l l  
3 r a c e s .  Both  p a r e n t s  were s u s c e p t i b l e  to  r a c e  1.
The r e a c t i o n  o f  th e  fo u r  F^ p l a n t s  to  r a c e  6  was s i m i l a r  to
th e  r e a c t i o n  o f  th e  r e s i s t a n t  p a r e n t ,  th u s  i n d i c a t i n g  t h a t  r e s i s t a n c e
i s  dom inant to  s u s c e p t i b i l i t y  in  th e  c ro s s  1709 X Cl 9418.
The o b se rv ed  r e a c t i o n  o f  6 6  F 2  p l a n t s  gave a good f i t  t o  a r a t i o
o f  3  r e s i s t a n t : 1  s u s c e p t i b l e  showing th e re b y  th a t  th e  p a r e n t s  were 
d i f f e r e n t i a t e d  by a s i n g l e  gene p a i r .  The m ajo r  dom inant gene  found 
i n  1709 was p r o v i s i o n a l l y  d e s ig n a te d  as  P i^ .
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An a n a ly s is  o f  the genotypes o f  135 p la n ts  was made by
progeny  t e s t s  o f  F^ f a m i l i e s  from e ac h .  A good f i t  was o b ta in e d
to  a r a t i o  o f  1  homozygous r e s i s t a n t : 2  s e g r e g a t i n g : 1  homozygous
s u s c e p t i b l e .  Th is  con firm s  th e  assum ption  t h a t  r e s i s t a n c e  i s
c o n d i t io n e d  by a s i n g l e  dom inant m ajo r gene .
The o c c u r re n c e  o f  a  few s u s c e p t i b l e  p l a n t s  in  homozygous
r e s i s t a n t  l i n e s  and a  few r e s i s t a n t  p l a n t s  in  homozygous s u s c e p t i b l
«
l i n e s  f o r  r e a c t i o n  to  r a c e  6  p ro v id e d  ev id en ce  f o r  th e  p re s e n c e  o f  
o th e r  genes w hich modify th e  e x p re s s io n  o f  th e  m ajo r gene p a i r .
F i f t y  to  f i f t y  t h r e e  s e l e c t e d  F^ l i n e s  whose r e a c t i o n s  to  
r a c e  6  had been  d e te rm in ed  were a l s o  t e s t e d  f o r  t h e i r  r e a c t i o n  
to  r a c e  8  and 16. A r e a so n a b ly  c lo s e  agreem ent in  t h e i r  r e a c t i o n s  
to  b o th  r a c e s  were o b ta in e d ,  i n d i c a t i n g  t h a t  r e s i s t a n c e  to  r a c e s  6 , 
8  and 16 i s  a s s o c i a t e d .  B a s i c a l l y  one m ajor dom inant gene ap p ea rs  
to  govern r e s i s t a n c e  to  a l l  th e  t h r e e  r a c e s .  But they  seem to  
d i f f e r  from each  o th e r  by h av ing  in d ep en d en t s e t s  o f  m o d i f ie r  
g e n es .
B ecause o f  th e  complex p e d ig re e  o f  s t r a i n  1709, th e  e x a c t  
so u rc e  o f  r e s i s t a n c e  c a r r i e d  by s t r a i n  1709 co u ld  n o t  be de te rm in ed  
The o c c u r re n c e  o f  a few i n d iv id u a l  F£ p l a n t s  and a few F^ 
f a m i l i e s  w hich a r e  more s u s c e p t i b l e  th a n  th e  s u s c e p t i b l e  p a r e n t  i s  
i n d i c a t i v e  o f  a  p ro b a b le  gene i n t e r a c t i o n ,  e s p e c i a l l y  due to  th e  
m inor genes c o n t r ib u te d  by th e  r e s i s t a n t  p a r e n t .
The f a c t  t h a t  on s u s c e p t i b l e  s e e d l in g s  b o th  s u s c e p t i b l e  and 
r e s i s t a n t  ty p e s  o f  l e s i o n s  u s u a l l y  o ccu r  on th e  same l e a f  b la d e
d e n o te s  th e  p o s s i b l e  i n t e r a c t i o n  betw een th e  g e n o ty p es  o f  th e  h o s t  
and th e  p a th o g en .
The r e s u l t s  o f  th e  p r e s e n t  t e s t s  s u g g e s t  t h a t  s im p le  and 
in e x p e n s iv e  g re e n  house t e s t s  can  be u sed  a d v a n ta g e o u s ly  to  
i s o l a t e  r e s i s t a n t  l i n e s  in  e a r l y  s e g r e g a t in g  g e n e r a t i o n s .
I t  may be  s a i d  in  c o n c lu s io n  t h a t  s t r a i n  1709 p ro v id e s  a 
s i n g l e  good s o u rc e  o f  b l a s t  r e s i s t a n c e  to  a t  l e a s t  t h r e e  r a c e s .
I t  may a l s o  p ro v e  to  be an im p o r ta n t  p a r e n t  v a r i e t y  in  f u t u r e  b l a s t  
b r e e d in g  program s by v i r t u e  o f  i t s  s e v e r a l  d e s i r e d  agronomic 
c h a r a c t e r s ,  such  as e a r l y  m a t u r i t y ,  s h o r t  p l a n t  h e i g h t ,  lo n g  g r a i n ,  
good q u a l i t y  and easy  th r e s h i n g .
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